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THE 


HIGH-TENSION MAGNETO. 


With Special Reference to the Ignition of 
Aeroplane Engines.* 


By A. P. YOUNG, A.M.LE.E., A.LA.E. 


Foreword. 
ARLY in 1915 the author had the honour of delivering to one of 


the largest engineering societies in the Midlands a lecture* 

on “ The High-tension Magneto,” which is—superficially at 
least—familiar to all those associated with the aeroplane and allied 
industries. The present paper is really a continuation of the earlier 
effort of the author, and, being presented to an aeronautical society, 
he will naturally make special reference to the high-tension aeroplane 
type of magneto. The amount of technical literature on this subject 
available at the present moment is very meagre. It is, therefore, hoped 
that this contribution will have the effect of initiating a healthy dis- 
cussion of ignition problems, and stimulating the interest of all mem- 
bers of the engineering industry who are either directly or indirectly 
interested in the matter. 

The degree of success achieved in the development of the com- 
bustion motor has at all stages been primarily dependent upon the 
efficiency of the ignition system used, and it is no exaggeration to say 
that the rapid strides which have during recent years been made in 
the construction of the petrol motor, per se, have mainly resulted from 
the very satisfactory high-tension ignition system that has been avail- 
able. It is fundamentally true—although perhaps a mere common- 
place—to say that the most perfect engine mechanism is of little use 
if the ignition system be faulty. 

During the last two decades we have witnessed the birth and 
subsequent healthy development of high-tension ignition in the form 


* Being a paper presented to the Aeronautical Society of Great) Britain. 
+ Leeture delivered to the Coventry Engineering Society on January 2oth, 1915, and published 
in She Automobile datgineer for Mareh, 1915. 


of the magneto, and the wonderful efficiency of this system, coupled 
with its extreme flexibility—enabling one magneto to cope with almost 
any number of cylinders—is primarily responsible for the enormous 
developments that have taken place in the application of the etrol 
motor to industrial and—in more recent times—war purposes. Witho t 
the high-tension magneto it is almost certain that the aeroplane wo id 
never have reached its present high state of development, and i 
reasonable to assume that the whole course of the present disastr. ie 
war would have been different, and much less in our favour if ee 
military critics are to be believed. : “ 
Prior to the outbreak of war, the number of high-tension magnet 
being produced in this country formed a negligible proportion of : 
total number being used for a variety of purposes. Through laxity = 
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Diagram of connections showing essential 
features of H.T. magneto for multi cylinders, 
A six-cylinder distributer is illustrated, and in 
general the number of distributer segments is 
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You can judge what has been done when it is stated that the 
Ignition Apparatus Association—which has been formed mainly 
result of the efforts of Mr. P. F. Bennett (the chairman) and ie a 
Garton (the secretary)—is at the moment supported — rE. 
magneto manufacturers, who have, during the period of the ran 
to the Government for war purposes, and chiefly for — 
fewer than 200,000 magnetos. Furthermore, it is agreed bed 
a position to judge that the British magneto as at present eee 
is the equal of the pre-war Bosch magneto emanating from St 


British 


British 
upplied 
nes, no 
hose in 
tructed 
uttgart, 
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which is sufficient testimony that the British manufacturers have done 
their duty. The author can go further, and state, from first-hand 
knowledge, that certain developments now taking place will result 
in the British manufacturers producing new types of magnetos that 
will prove to be vastly superior to anything turned out of Germany 
in the past. He would, therefore, plead that when the war is over the 
British magneto manufacturers be given to the full encouragement and 
support by Government and public alike, so that there may be estab- 
lished on a solid foundation a British magneto industry that will endure 
through the years to come—an industry producing magnetos and 
ignition apparatus for aeroplanes, motor cars, and other purposes of 
superlative quality and 
design, not surpassed 
by anything manufac- 
tured outside of these 
Isles. 
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Historical. 

All electrical systems 
of ignition are direct 
descendants of Fara- 
day's great discovery 


of electro-magnetic in- i 
duction made during Closed + Open->eClosed + Open Open-Htlosed*N~ Open} 
the autumn of 1831, Fig. 2. 

when, for the first time TSB! Hux, voltage, and primary current waves 


in the world's history, 

he succeeded in producing a spark by electro-magnetic means. He 
was experimenting with his classical iron ring wound with primary and 
secondary when he found that by either closing or opening the primary 
circuit it was possible to obtain a tiny spark between two carbon pencils 
separated by a very small distance and connected to the ends of the 
secondary. 

The first system of electric ignition ever used was devised by 
Lenoir® in 1860. He utilised the high-tension spark of a Ruhmkorff 
coil for ignition purposes, employing a high-tension distributer for 
connecting the secondary winding first to one plug and then to the 
other. It is worth noting that the modern battery system of ignition 


* See Appendix L. and fig. 41, showing this system. 
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now used most extensively in America is strikingly similar to the old 
Lenoir system, even to the detail of introducing an extremely small 
air gap between the rotating metal brush and the distributer segment— 
a method of distribution that is now being followed on magnetos. 
Lenoir was also the inventor of the spark plug, and the type of plug 
which he designed for use in conjunction with his ignition scheme of 
1860 had all the features of the modern spark plug. 

Marcus appears to have been the first man to construct a magneto 
for ignition purposes. 
now familiar form of H armature, the current induced in the winding 

being broken at predetermined times 


His was a low-tension machine, having the 


? in the cylinder by a system of cams 
= and levers. 

4 In 1898 Simms and Bosch developed 
a a low-tension magneto, using a fixed 


1 Max. = +071 
Amps> 


H armature and rotating segments for 
producing the necessary flux changes 
This is of special 
interest because, subsequently, by the 


in the armature core. 


addition of a secondary winding on the 
same armature core, a_high-tension 
magneto was evolved. Later on the 
author describes in considerable detaj] 
a magneto of this particular type which 


el 65°—_> 


Speed = 1200 R.P M. #3 


Fig. 3. 


Secondary current waves for 

rotating armature type magneto, 

reproduced from oscillograph 
records. 


is being built in very large quantities 
for aeroplane work. 


The Bosch Co., of Stuttgart, 


Germany, must receive the credit of 
having thoroughly established the fact that a high-tension magneto 
can be manufactured on a commercial basis to give reliable and efficient 
ignition in practice. Although this important industry was allowed 
to develop in Germany, the modern high-tension magneto was first 
conceived in France by the Frenchman M. Boudeville,* who, un- 
fortunately, omitted to include a condenser in his scheme for eliminating 
sparking at the contact points. 

A condenser is a vital part of every magneto ; without it the machine 
would be quite impracticable. It is surprising that Boudeville should 


* See" Magneto for Electric Tgnition,” by PL Armagmat. in La Nerite blectrique 


translation, 
in The flectrictan, March 24th and jist, 1916 


which deals fully with the history of el-etry> tation. 
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have overlooked this feature, because here again the idea of using a 
condenser for such a purpose is of French origin, the Frenchman Fizeau 


being the first to suggest, in 1853, connecting a condenser in parallel 


with the contacts on a Ruhmkorff coil to prevent excessive sparking. 


Fundamental Considerations. 


Any form of high-tension magneto consists of four essential parts : 


(1.) A magnet system. 


(2.) An iron core wound with primary and secondary. 


(3.) A contact breaker to interrupt the primary circuit at pre- 


determined intervals. 

(4.) A high-tension dis- 
tributer. 

The arrangement of con- 
nections generally adopted is 
clearly illustrated in fig. 1. 
The earthed primary contact B 
is actuated by some form of 
cam so that the primary circuit 
is continually being closed and 
opened. 

The iron core which carries 
the armature windings may 
either revolve or be fixed. In 
the latter case the rotor com- 
prises certain iron masses so 
disposed that every 90° or 180° 
(depending upon whether the 
magneto is a two-spark or a four- 
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Fig. 4. 
Curves showing flux change in armature 


core prior to or immediately after 


“break.” 


spark), the flux flowing from the N pole of the magnet to the S pole, 
through the armature core, is suddenly reversed. 


When the armature rotates, the flux reversal occurs—except when 
specially-shaped poles are fitted—every 180’, and the magneto gives 


two sparks per revolution. 


Magnetos provided with stationary armatures are said to be of 
the inductor type. To prevent confusion we shall adopt the follow- 


ing nomenclature : 


(1.) When the rotor comprises iron segments built in the form 
of a sleeve, which revolves around the stationary armature, we shall 
call the machine a “ sleeve inductor ” type magneto. 


(2.) When the rotor comprises iron masses operating in con- 


junction with an external armature core, we shall call the machine a 
“polar inductor’ type magneto. 


(3.) When the armature rotates—as is more usually the case— 
we shall call the machine a “ rotating armature” type magneto. 

Dealing first with the problem in the abstract, we give below 
a description of the cycle of operations that is applicable to any particular 
construction. Reference should be made to fig. 2, which shows a 
typical flux wave and the resultant open circuit voltage and 
current waves. 


primary 


(a) The rapid reversals of flux in the armature core induce in both 
primary and secondary an alternating e.m.f., the maximum e.m.f. being 
reached for any given speed when the actual flux in the armature core 
is substantially zero. 

(b) The cam operating the contact breaker lever is so designed 
that the primary circuit is closed during the period when the induced 
voltage is growing from zero to its maximum value, and for some little 
while afterwards, but not until the voltage has become zero again, 


(c) During the period of closure of the primary circuit the induced 
current will steadily increase in value. Then at a certain instant the 
contacts are suddenly separated by the cam. The condenser in Paralle| 
with them ensures that there is no sparking at this instant, so COfikes 
quently the rupture of the primary current is remarkably sudden. 


(d) The sudden rupture of the primary current causes an instan- 
taneous collapse of the magnetic field associated with it, and 
field is linked with the secondary turns, an enormous voltage is ; 
in the secondary winding at this instant. This voltage is 5 


as this 
nduced 


: ufficient 
to initiate a spark between the electrodes of the spark plug, and this 


spark is maintained, to some extent, by the voltage induced in the secon- 
dary by virtue of the continual flux change in the armature core pro- 
duced by rotation during the period that the contacts remain open. 
(See fig. 3.) 

(ec) After a certain short interval of time the cam allows the contacts 
to close again, and the cycle of operations (6), (c), (d) is repeated. 
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Analysis of the Working of a Magneto. 

From the foregoing description of the cycle of operations we can 
easily set down the factors which govern the operation characteristics 
of any high-tension magneto. 

Maximum value of flux through armature core=N. 

Angle during which contacts remain closed (measured on revolving 
shaft) = 01, 


Angle during which contacts remain open= (2. 
- Gh 

Ratio ip =k. 

Number of primary turns=S1. 

Number of secondary turns= S52. 


.. 8 

Ratio = e. = Rt. 

Value of primary current at ‘* break "= Ib. 

Self-induction of primary at “ break ’’=L. 

Other things being equal, the voltage induced in the secondary 
winding at “ break "’ and the amount of energy liberated in the high- 
tension spark are dependent on Ip. The best results are, therefore, 
obtained when, for any speed over a very wide range, IB corresponds 
to the maximum point on the primary current wave. Unfortunately 
this result cannot be achieved in practice, because, if IB is a maximum 
at low speeds, the current broken at high speeds (for the same 
timing) will be less than the maximum and vice versa. 

Theoretically, the whole of the energy stored up in the primary 
winding during the periods when the contacts are closed and the primary 
current is creating a magnetic field should reappear in the secondary 
spark at “ break ” if there were no losses. This energy, which is stored 
in the primary at a low potential, is, as it were, suddenly thrust into 
the secondary at “ break,” where it reappears at a high potential. Actu- 
ally, certain losses occur during the transfer, and only a portion of the 
energy stored magnetically (amounting to }LIB? joules) appears in the 
high-tension spark. Generally speaking, about 80°, of this energy 
is available for ignition in a well-designed magneto. 

The problem, then, is to determine the value of IB. If we know 
the formation of either the flux or voltage wave as given in fig. 2, this 
can be easily done. The flux wave can be deduced experimentally by 
what is called a ‘‘ point-to-point’” method. That is, a fine search coil 
is wound on the armature windings (or the primary itself may be used 
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if the turns are known) and connected to a ballistic galvanometer. By 
moving the rotor through a large number of consecutive and equal 
angles (say 15°) and noting the deflection of the galvanometer corre- 
sponding to each movement, the corresponding flux changes can be 
calculated, and from these figures the flux wave deduced. 

Having a flux wave, the e.m.f. wave can be calculated from the 


formula : 
—S: dN 
e= 108 Gd volts .. ae oe — (1) 
Another method is to determine the e.m.f. wave on open circuit 
experimentally by using an oscillograph, and calculate the flux wave 
by applying this same formula rewritten as follows : 


— 105 
N= fed - es « « © 


Assuming that the e.m.f. wave for any given speed is known, the 
value of IB can be determined by the graphical method which the author 
has developed elsewhere.* 

In general, we can represent the growth of the primary current 
during the period when the contacts remain closed by the following 
fundamental formula : 

e=rit+L. Ai 
Where ; ; a 

e= Instantaneous voltage induced in primary circuit as 
determined from the curve, such as that shown in 
fig. 2. 

i= Instantaneous value of the current in the primary. Amps, 

r=Resistance of primary. Ohms. 

L.=Self-induction of primary at the instant under considera- 
tion. Henries. 

Integrating this eqns we get: 


T2 
L?T2—'T1) = =f ai, fi 
Tr 


If (T2—T1)=T 1s i then we get approximately : 


L(T—'T,) = XaeT OE f Th) 


Where X=area of voltage wave included between Ti and To. 


Finally, 
iT, = LIT, @L—T) 3 
,- STL me 


*" The HLT. Magneto.” by A. PL Young, The clutomobile Eagiuteer, March, rors. 
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By using this formula and applying a point-to-point method, it is 
a fairly easy matter to determine the primary current curve (and there- 
fore IB) for any type of magneto at any speed, provided that the constants 
of the design are known. Later on the author will refer to a series of 
curves for a sleeve inductor type of aeroplane magneto that has been 
deduced by this method. 

It is possible to calculate IB directly by making certain justifiable 
assumptions, and in one of the appendices to this paper a formula is 
developed which can be used for such calculations. 

Referring to equation (3), it should be noted that the factor X is 
proportional to the flux change in the armature core, due to rotation, 
that occurs in the short period of time considered. It is therefore 
easy to see that the current Ip for any given design is within limits pro- 
portional to the maximum armature core flux N, this in turn being 
dependent on the magnetic characteristics and design of the magnet 
(or magnets) used. As the energy in the high-tension spark is pro- 
portional to (IB*), we must conclude that the energy liberated at each 
discharge (that is the intensity of the spark, but not necessarily the 
power of the spark to produce ignition) is proportional to the square 
of the maximum value of the flux produced in the armature core on open 
circuit by the system of magnets used. 

It is therefore evident that the magnet flux is one of the controlling 
factors in the design of any magneto, and very careful attention has to 
be given to the magnetic quality of the magnets and the design of the 
whole magnetic system to ensure that the best results are obtained. 
This aspect of the problem is dealt with more fully under the heading, 
“Magnets : Importance of Flux.” 


The Phenomena that occur in the Secondary at 
‘* Break.”’ 


(a) Induced Secondary Voltage. 

Reference should be made to fig. 4, which shows, by means of a 
curve, the way in which the flux flowing in the armature core and linked 
with the windings changes at the instant of “ break.” Actually the flux 
reverses its direction, because so soon as the magnetic field associated 
with the current IB disappears the magnet flux is reinstated. The 
effect on the secondary is equivalent to the sudden destruction of the 
flux associated with the current Is, and in what follows we shall view 
the problem in that way. 


IL 


It is therefore clear that prior to “ break a certain amount of 
energy is stored in the primary winding by virtue of the magnetic field 
associated with the current induced in that winding by rotation. The 
magneto is designed so that at the instant when the contacts separate 
this energy can be transferred magnetically to the secondary winding, 
to reappear at the points of the spark plug in the form of a high-tension 
discharge at a very much higher potential. 

The rate at which the secondary voltage rises and the value of 
the maximum reached are dependent on the primary current broken 
(IB), on the self-induction of the primary at ‘* break,’ on the ratio of 
turns /1, and on the characteristics of the magnetic circuit. In other 
words, it is necessary that the magnetic field created by the primary 
current shall instantly collapse at “ break.” Obviously, the rate at 
which the magnetic field disappears is, other things being equal, vitally 
dependent upon the characteristics of the magnetic circuit through 
which this magnetic field is 
passing. By this the author 
means that a magnetic circuit 
which is totally laminated will 
ensure a more rapid dying away 
of the magnetic field than will 
occur if there are in the mag- 
netic circuit any solid masses 


in which eddy currents may be 
set up during the period of 


Fig. 5 
Method of Sstematning the maximum 
primary voltage at “ break,” using a change, these eddy currents by 


Kenotron : . . 
their reaction tending to retard 


the rate at which the collapse of the magnetic lines occurs. 

The character of the secondary voltage wave during the period 
of the high-tension discharge is of considerable importance, because 
the maximum value reached would seem to have some influence on the 
power of the spark to produce ignition. Furthermore, the shape of the 
wave controls to some extent the rate at which the energy liberated in 
the high-tension spark is dissipated, and the author holds the view that 
the rate of energy discharge is of more importance than the total amount 
of energy liberated, although the latter factor must be taken into con- 
sideration. 

It is a very difficult matter to investigate this point quantitatively, 
but experiments (see fig. 5) made on magnetos, using a special valve 
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known as a Kenotron,* which has been developed in one of the largest 
industrial research laboratories in America, indicate that the voltage 
rise in the primary winding at the instant of “ break” is very much 
greater than one would anticipate. It is reasonable to suppose from 
these experiments that a correspondingly abnormal rise of voltage 
occurs in the secondary at “ break "—this voltage, of course, only 
being maintained for an infinitesimal period of time—and the curve 
shown in fig. 6 represents the way in which the author imagines the 
secondary voltage varies during the period of the high-tension spark. 
He has not so far been able to determine this curve experimentally, 
but, taking certain indirect evidence in his possession, this curve repre- 
sents, so far as he can see, what actually occurs. 

It will be noted that it is assumed that the voltage suddenly rises 
to a maximum and then suddenly falls again, the rise and fall occupying 
a time T1, during which period there is no actual discharge between 
the electrodes, but the gases in the 
vicinity are being tonised prepara- 
tory to a discharge which occurs 
at the point “A,” and is maintained 
during the subsequent period T>, at 
the end of which the voltage has 
dropped away to zero. The voltage 
corresponding to the maximum 
point on the curve may be called 


Vig. 6. 


the . maxiu voltage, whereas Hypothetical curve showing sudden 
the voltage at the beginning of the _ tise and fall of the secondary voltage 
discharge period T: may be called 
the “ sparking voltage."” As soon as the spark is initiated at the point 
“A” the discharge is maintained to some extent by the voltage 
induced in the secondary winding in consequence of rotation, and this 
voltage is virtually superimposed upon the voltage induced as a result 
of the collapsing of the magnetic field stored In the primary prior 
to break. 
(b) The Process of Ignition. 

Unfortunately the present state of our knowledge} concerning the 

process of ignition by means of a high-tension spark is by no means 


* Por a detailed deseription of the theory and working of the Kenotron, see article in the 


Generel Electric Review for Mareh, tors. 

* Anexcellent articl: on Spark Egnition,” by J.D. Morgan, AMLLC.E., AML E., appeared 
in Aagimeering for Noveniber 3rd, rgto. See also numerous papers by Dr. W. M. Vhornton in 
Procesdtitgs Roy. Soc. aud Phil. Mag. 
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complete, but one rather suspects that the maximum value of the secon- 
dary voltage reached is a controlling factor, and it is even within the 
bounds of possibility that the ionisation occurring as a result of the sudden 
application of an enormous voltage during the extremely small interval 
of time T: may in itself be sufficient to initiate the explosion. It has 
been demonstrated* that ionisation in itself will produce an explosion, 
even though no spark occurs, and the author is inclined to the opinion 


that the apparent superiority of 


N°1 Cylinder about to Fire 


the polar inductor type of mag- 
neto over the rotating armature 
type is due to the fact that the 
secondary voltage wave is steeper, 
and reaches a higher maximum 
during the interval Ti, in con- 
sequence of the armature circuit 
being more thoroughly laminated, 
and therefore allowing of a more 
rapid flux change. 

The process of ignition by 
high-tension spark is a subject 
worthy of Government research, 


and if in the future action is 
taken in this direction, the author 
would suggest that experiments 
be conducted with magnetos of 
the polar, inductor, and rotating 


armature types, with a view to 
e Magneto N°2 cs 
Magneto N21 gre ascertaining to what extent the 
oad process of ignition is dependent 

Pressure diagram for R.A.F. twelve- 
cylinder engine at instant of firing. upon the shape of the secondary 
The next segment ahead is, for each i 
magneto, connected to a plug in the voltage wave, and whether, as 
cylinder at only 31b. pressure, thus . ie tp 
olfering a path of very low resistance. suggested previously, the lonl- 
sation that must occur during 


the initial period T: is a predominant factor. 
(c) The “ Spark-gap"’ Type of Distributer and Brush. 
When discussing this question, it is not out of place to consider 


* See Notes on the Lynition of Explosive Gas Mixtures by Electric Sparks." by J.D. Mera, 
AM.LC.E., AMALIE. in the Journal of the Institution of Electrical Biriiecs, Volo sy. Danntory 
1sth, 1y10. 
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what is termed the “ spark-gap " form of distributer. A common trouble 
experienced with the ordinary type of distributer in which a carbon 
brush is used 1s that the carbon dust generated is liable to be ground 
into the brush track of the distributer, thus producing a path of low 
resistance between the segments, this disease being known as “ tracking.” 
In certain cases, and particularly when two six-cylinder magnetos are 
used in conjunction on a twelve-cylinder engine, tracking of this kind 
is very liable to cause misfiring, because the spark, rather than discharge 
between the electrodes of the spark plug in the cylinder under com- 
pression, will leap along the surface of the brush track in the direction 
of rotation to the next segment which is connected to a spark plug in a 
cylinder at practically 
zero pressure, the resist- 
ance of this alternative 
path being extremely 
low. (See fig. 7.) 
Experiments have 
shown that even with a 
distributer that is badly 
tracked misfiring can 


be entirely eliminated 
if, instead of the ordi- 


ee 
nary carbon brush, a LL A | Aptagret Strength =Br.xCf =66-95 
metal brush be used, . |~| + | 104 i | 
this being so arranged 4g, el OE a a ee 


that there is a_ very 
small air gap (about 


. Hysteresis loop for a piece of magnet steel of 
Olin.) between the face food magnetic quality. 


of the rotating metal 


brush and the distributer segment. The superiority of this arrange- 
ment over the distributer and carbon brush combination would seem 
to be due to the fact that the introduction of a small air gap in the 
high-tension circuit, such as is interposed between the end of the secon- 
dary winding and the outside circuit, completely insulates the secondary 
during the small interval of time Ti, and thus allows the voltage to 
rise to a very much higher maximum value than would be the case if 
there were any leakage paths of low resistance. 

This is further confirmation of the view that the value of the maxi- 
mum value of the secondary voltage at “ break’’ is of vital importance, 


t 


wn 


and the author would add that the spark-gap form of distributer has 
been tried with considerable success on aeroplane magnetos both in 
this country and in France, and, as a matter of fact, it is used generally 
on all the battery ignition systems designed for automobile work in use 
in America. In his opinion, it would seem to be an advance in the right 
direction, provided that sufficient care be given to the design of the brush 
holder and that proper precautions be taken to ventilate the distributer 
so that the products of ionisation resulting from the minute spark 
between the metal brush and segments have an easy means of escape. 
This has been done in the type “A” magneto, which is described in 
detail later, and many thousands of these machines fitted with this special 
form of distributer 
brush have been sup- 
plied for use on aero- 
planes, and the con- 
sensus of opinion seems 
to be that the arrange- 
ment adopted is entirely 
satisfactory. 


Magnets— 
Importance of Flux 
The function of the 


magnets is to produce 
and maintain, in spite 


of the very severe con- 
ditions under which a 
magneto has to operate— 
including severe vibration and cyclic changes in temperature—a practi- 
cally constant flux in the armature core. The author has already shown 
that the energy liberated in the high-tension spark is substantially 
proportional to the square of this flux, so that the necessity of using 
magnets of correct design and superlative quality is at once ns 

For any given machine using magnets of some definite design 
the value of the armature core flux ‘* N "’ is naturally dependent on the 
magnetic characteristics of the magnets used. In comparing permanent 
magnets of different quality, it is usual to determine the remanence 
(Br) and the coercive force (Cr). These factors apply to a closed ring 
of the steel which is capable of being completely and uniformly mag- 


Fig. 9. 
The M-L magneto type A.D.S. 
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netised. By varying the current in the magnetising coil, the steel can 
be taken through a cycle of magnetisation, as depicted by the hysteresis 
loop shown in fig. 8. What is meant by remanence and coercive force 
can be better appreciated by referring to this diagram. The remanence 
is the flux density in the steel, after the magnetising force H max (usually 
400) has been removed, and the coercive force is the demagnetising 
force that has to be subsequently applied to reduce this flux density 
to zero. When testing a magneto magnet the ideal * ring ’’ condition 
can be approximated by bridging the poles with a soft iron keeper 


Fig. 10. 
The M-L magneto. Type A.D.S. dismantled. 


and suitably winding the magnet. A fundamental test of this kind 
is, however, attended with considerable difficulties. 

It is the practice of the B.T.H. Co. and of most other magnteo 
manufacturers in this country to test every magnet by means of certain 
special apparatus before it is fitted to a magneto to determine both of 
these factors. So far as we are concerned, we accept only those mag- 
nets which show on this magnetic test a remanence and coercive force 
in conformity with the following : 
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(1.) The product of remanence and coercive force in C.G.S. 
units must not be less than 580,000. 

(2.) The actual coercive force must not be less than 55. 

Experiment has shown that the active armature core flux in a 
magneto of given design is greatly dependent on the product of reman- 
ence and coercive force, or upon what the author terms the “ magnet 


strength,” using this expression to denote the factor sah Cy The 
spark energy output, being proportional to the square of the armature 
core flux, must in consequence be dependent on the magnet strength 
to a much greater degree. 

The product remanence and coercive force is therefore a very 
important factor, and, generally speaking, it is sufficient when testing 
magneto magnets to measure this product only, because as a general 
rule a magnet which shows a product of not less than 580,000 will have 
a coercive force not less than 55. In other words, such a relatively low 
coercive force as 55 is usually associated with a remanence of the order 
of 10,500. 

Looking at a magneto magnet from a purely mechanical standpoint, 
it is necessary that the pole faces and also the edges should be finally 
ground after hardening to a fairly fine degree of accuracy. It is at 
great importance that the ground pole faces be parallel to each other and 
exactly at right angles to the ground edges. Some idea of the degree 
of accuracy required can be gathered from the following limits, which 
are now being worked to by Shefheld manufacturers : 

Distance between the ground pole faces Maxim .20mim 
Miniter -2 mim. 


Width of magnet .1...6ccccc cece ees Maximum - 013 nm. 
P Minin 213 ttn, 


These limits may at first sight appear to be large, but it should be 
remembered that a hardened tungsten steel magnet is a very difficult 
thing to grind, particularly when it comes to grinding the inside pole 
faces, because trouble is encountered, due to the springiness of the 
magnet itself. 

Before leaving this aspect of the problem, the author would like 
to make some reference to the very excellent way in which the various 
Shefheld steel manufacturers now engaged on the manufacture of 
permanent magnets have carried out their work. Bearing in mind 
that at the outbreak of war practically no permanent magnets were 
produced in this country, and that this subsidiary key industry was 
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entirely in the hands of Germans, all those who have been closely in 
touch with the development of a magnet industry in this country will 
agree that the results so far achieved are very gratifying, and reflect 
great credit on the British steel manufacturers, who, by virtue of their 
resourcefulness and skill, have grappled so successfully with this difficult 
problem. Our own experience is that at the present time permanent 
magnets for magnetos are being produced in this country which are 
quite equal—and in many cases superior—to anything that has been 
produced in Germany in the past, and it is pleasing to know that Mr. E. 
A. Watson, Technical Director of the M-L Magneto Syndicate, Ltd., 
holds views* which coincide with the author's in regard to this im- 
portant question, 
Aeroplane Type Magnetos. 
(1.) GENERAL. 

The greater number of the magnetos built in this country since 
the outbreak of war have been used on aeroplanes. This means that 
the British magneto industry, from the moment of its inception, had 
to contend with the most difficult problem of all, because it is generally 
recognised that an aeroplane magneto has to operate under more severe 
and exacting conditions than obtain on any form of motor vehicle. 

The mantle of responsibility was borne during the early stages 
of the war by the frm of Thomson Bennett, in Birmingham (who, to 
their credit, were struggling to create a magneto industry before the 
war); the B.T.H. Co., in Coventry ; and the M-L Magneto Syndicate, 
in Coventry. More recently many newcomers have joined the industry, 
with the result that at the present moment there are no fewer than 
fifteen manufacturers engaged on this most important work. 

Special credit is due to the three manufacturers just named, and 
in particular the author would like to refer to the most excellent work 
that has been done by Mr. E. A. Watson, who is technical director of 
the firm of the M-L Magneto Syndicate, on the technical side of the 
business. Mr. J. D. Morgan, of the Marks and Clerk Laboratory, and 
consulting engineer to the firm of Thomson Bennett, has also done a 
large amount of research work, more particularly in connection with 
the process of ignition by electric spark. 

As evidence of what has already been done, the author proposes 
to describe some of the aeroplane type magnetos that are now being 


* See letter in Phe slatocar for February rath, 1915, page 215. 
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produced in very large quantities by the three manufacturers specially 
mentioned. He is naturally in a position to deal more fully, and at 
greater length, with the products of the B.T.H. Co., but wishes to make 
it clear that his object in doing this is chiefly to develop a method of 
analysing the characteristics of a high-tension magneto, which is quite 
general in its application, and at the same time to indicate certain methods 
of testing which can be applied 
to different magnetos to enable 
these characteristics to be 
compared. 


(2.) M-L Macnero Synpicate 
Type A.D.S. Macnero. 
This magneto, which is of 

the rotating armature single- 

cylinder type intended for use 
on rotary engines of the Gnome, 

Monosoupape, Clerget, or 

similar types, is based on the 

original Bosch D.A.L. design, 
but has been improved in many 
respects. It is illustrated jn 
figs. 9 and 10. Its weight has 
been reduced by carefully de_ 
signing the castings without in 
any way reducing its strength, 

The fixing of the terminal has 

been improved, the old socket 

fitting half in gun-metal and 
mer half in aluminium being done 


Special type of cam designed to permit awa with, and . 
of operation at high speeds. y the terminal 


now screwing directly into the 
gun-metal end. In addition, the cable connection has been made 
waterproof and more secure, so as to diminish any risk of the cable 
becoming detached while running. 

The chief modifications, however, which have been found necessary 
have been in connection with the contact breaker and the cams, as these 
machines have to run at a very high speed—from 2,500 to 3,500 r.p.m. 
Consequently, the old Bosch design of flat cam, which gave rapid 
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acceleration of the contact breaker arm, has been given up, and the 
cams now fitted are made to a correctly-shaped profile, which is 
ground out on machines specially designed and constructed for the 
purpose (fig. I1). 

In addition, it has been found necessary to increase the length of 


‘ ; oma ; LO ‘ 
opening the primary circuit—that is, to reduce the ratio i k—in 


order to give time for the spark to die out when the machine is working 
at a high speed. This 
alteration has com- 
pletely removed a 
trouble experienced 
with the D.A.L. type 
of misfring if the engine 
were inclined to be oily, 


and has removed the eae 
necessity, —_ previously 
apparent, for very close 
and careful setting of 
the plug points. It has 
also increased the life 
of the contact breaker 
arm and the platinum 
points, and has made 
the machine — suitable 
for use at much higher 
speeds. The cam, it 
should be mentioned, 


is made from a con- Fig. 12. 


i i Thomson Bennett magneto type A.D.4. Sectional 
tinuous ring of steel, view, showing the detailed construction. 


very carefully ground 
inside and out in order to ensure absolute concentricity. 


Thomson Bennett Type A.D.4 Magneto. 

This is a four-cylinder machine of the rotating armature type, 
corresponding in size to the Bosch type Z.U.4 magneto used extensively 
in this country during the years preceding the outbreak of war. Fig. 12 
gives a sectional view of the machine, showing the detailed construction, 
whilst the general appearance can be gathered from fig. 13. 
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The Bosch design has been simplified, chiefly in respect of the 
construction of the bearing for half-speed wheel, but many of the 
other features have been retained. Very large numbers of these mag- 
netos have been supplied for aeroplanes, and the extended experience 
gained with them has been entirely satisfactory in every respect. 


B.T.H. Eight-cylinder Type A.8.S. Sleeve Inductor 
Magneto. 


(1.) GENERAL DEscrIPTION. 


This magneto is of the sleeve inductor type with fixed armature. 
It is designed to give four sparks per revolution, and is therefore funda- 
mentally different from 
the ordinary rotating 
armature type of mag- 
neto, which cannot give 
more than two sparks 
per revolution. The 
sleeve inductor rotates, 
of course, at engine 
speed. A six-cylinder 
machine (Type A.6.S.) 
is also built on the same 
principle, designed to 
run at threequarter en- 
_ apes but as this 

iffers from the ejc 

—" cylinder siidlioe oof 


in respect of the dis- 
tributer and gearing, the author will confine his attention to 


A.8.S. machine. 


Fig. 14 shows a sectional view of the machine, and although perhaps 
unavoidably, it does not convey a very clear idea as to how the seecagen 
operates, it does serve to show that the construction of the conaeens is 
extremely complicated. Two photographs of the machine are repro- 
duced in figs. 15 and 16, from which the construction of the various 
component parts, such as rotating sleeve, fixed armature, distributer 
condenser, end plates, and brush holder, clearly shown in the phere. 
graphs, can be better appreciated. Finally, that vital part of any 


the type 
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magneto, namely, the contact breaker, is depicted in detail in fig. 17. 
It will be noted that a pivoted steel bell crank lever arm carries at one 
end a fibre block, which is actuated by the rotating eighth-part hardened 
steel cam rigidly fixed to the distributer brush spindle, while at its 
other end the movable platinum contact screw is secured. A very 
strong steel spring fixed at one end to the contact lever arm and at the 
other end to the base plate serves to force the movable contact tightly 
against the adjustable fixed contact when the cam is not in engage- 
ment with the fibre heel. 

It is clear, therefore, that the contacts are opened eight times 
during each revolution of the camshaft, which rotates at half the speed 
of the sleeve inductor, thus giving four breaks per revolution of the 
latter, as desired. 


Fig. 14. 
Type A.8.S. aeroplane magneto. 


It is evident from the illustrations and drawings that the manu- 
facture of such a magneto on a large scale must have been attended with 
considerable difficulties, because there are no fewer than 397 parts of 
different design, and a total of 860 parts are actually used in the con- 
struction of one machine. Bearing all this in mind, it is very gratifying 
to know that magnetos of this type are being produced in very large 
quantities, and the known excellence of these machines speaks volumes 
for the organisation responsible for their production, which is presided 
over by Mr. R. Dumas, whose untiring efforts in connection with this 


work cannot be too highly praised. 
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(2.) ANALYsis OF OPERATION CHARACTERISTICS. 
(a) Action of the Rotating Sleeve Inductor. 

As with any form of magneto, it is first necessary to analyse the 
flux changes produced in the armature core during one revolution of 
the rotating part before the operation characteristics can be determined. 
Let us, therefore, see what happens when the rotating sleeve is turned 
through one revolution. Fig. 18 gives eight diagrams corresponding 
to eight different sleeve positions 45° apart, and on each diagram the 
approximate flux distribution between the magnet poles is shown. 
Considering positions |, 3, 5, and 7, it will be at once noted that in each 
case the flux through the armature core is zero. Furthermore, for the 
intermediate positions 
2, 4, 6, and 8, the 
direction of the flux 
through the core is 
alternatively positive 
and negative ; that is, 
for position No. 2 the 
flux flows upwards 
through the core, while 
for position No. 4 it Is 
downwards, 

In other words 
the flux through the 
armature core reverses 
its direction four times 
during each revolution 


Fig. 15. 
Type A.8.S. aeroplane magneto assembled. of the sleeve, and by 


virtue of this fact it is 
possible to obtain four sparks per revolution. A magneto of this type 
is sometimes referred to as a fwo-cycle machine, because the flux wave, 
when plotted (as in fig. 19) for one revolution of the rotating part, 
can be split up into two equal parts, each comprising a positive and 
negative portion. The four points (90° apart) where the flux wave 
crosses the zero lines correspond to the sleeve positions depicted in 
positions |, 3, 5, and 7 (fig. 18). 
The maximum value reached by the flux wave is approximately 
32,000 lines. This is the actual flux which links itself with the primary 
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and secondary windings carried by the fixed armature core. Assuming 
a leakage coefficient of 1.4, the magnet flux works out at 45,000 lines. 
The following figures, which are of interest, have been calculated : 
Flux density in magnets=5,900 lines per sq. cm. 
Flux density in armature core = 8,500 lines per sq. cm. 


These figures are very high for an inductor type of magneto, although 
they are lower than the figures worked to in a magneto with rotating 
armature. The difference is accounted for by the fact that in the type A 
magneto—as in all inductor type machines—there are four air gaps 
in that portion of the magnetic circuit lying between the pole faces, 
as compared with only two gaps in the two-spark rotating armature 
type of magneto. The increased reluctance due to the larger number 


Fig. 16. 
Type A.8.S. aeroplane magneto dismantled. 


of air gaps naturally means that the available flux is smaller, using 
magnets of corresponding size and strength. 


(b) Induced Voltage due to Rotation. 


Having determined the flux wave, it is an easy matter to compute 
the induced voltage wave resulting simply from the rotation of the 
sleeve, it being assumed that the contact breaker is inoperative, and 
that the primary is open-circuited continually. Vice versa, the flux wave 
can be calculated from the voltage wave, and in fig. 19 this has actually 
been done, the voltage wave being a reproduction of an actual 
oscillogram giving the induced primary voltage at 1,000 r.p.m. 


25 


Considering the secondary, a voltage is induced by the rotation 
of the sleeve which conforms in shape with the primary voltage wave. 
The maximum point reached by the wave, however, will be 1 times 
the maximum primary voltage. The ratio ki for this particular 
magneto is very large, so that, considering the machine as a simple 
alternator, the maximum secondary voltage will be in the neighbour- 


hood of 3,000 at very high speeds. 


We have assumed that when the axis of the rotating sleeve is 
exactly at right angles to the magnetic axis, the flux is zero—corre- 
sponding to position | in fig. 18 and position 0° in fig. 19. This means 
that the induced vol- 


Adjustable contact Screw 


tage due to rotation 
reaches its maximum 
value just after the 
sleeve has passed 
through this critical 
position, which — shall 
be called the “ dead 
centre.” Actually, the 
forward phase displace- 
ment of this maximum 
point amounts to 3°, 


(c) Primary Current at 
“ Break ™ (/p), 
Adopting the 
graphical method of 
calculating the primary 


Eight part Cam ; ‘ 
Feet current curve during 


the period that the con- 
tacts are closed, previously described, the author has been able to plot 


a number of curves for six different speeds ranging between 100 r.p.m. 
and 3,000 r.p.m., the basis of the calculation being the open circuit 
primary voltage curve as determined by an actual oscillograph test, 
reproduced in fig. 21, and the primary self-induction curve given 
in fig. 20. 

These curves show that the maximum value of the primary current 
increases with the speed—very rapidly at low speeds, but hardly at all 


20 


when the speed is high. In fact, at abnormally high speeds the maximum 
value will actually fall off owing to the damping caused by the eddy 
currents induced in the rotating iron segments, which has the effect 
of preventing the flux in the stationary armature core rising to its proper 
maximum value after each reversal. It is important io note also that 
the maximum point on the current curve is, as it were, displaced for- 
ward in the direction of motion as the speed is increased. 


It has been 
necessary to plot two 
sets of primary current 
curves, one (fig. 21) 
corresponding to the 
fully advanced position 
of the timing lever and 
the other set (fig. 22) 
corresponding to the 
fully retarded position. 
Actually, there is very 
little difference between 
the two curves corre- 
sponding to any par- 
ticular speed, although 
when the timing lever 
is fully retarded it will 
be noted that a slightly 
lower maximum value 
1s reached simply 
because the contacts 
closed at a little later 
period, and the early 


x Fig. 18. 
portion of the voltage flux changes in B-T.H. type A.8.S. magneto. 
wave is, therefore, not 


included in the integration. In fig. 23 the author has plotted four curves 


showing the variation in the maximum primary current with the speed 
for fully advanced and retarded positions of the timing lever respectively, 
and correspondingly the variation in the displacement of this maximum 
point for the same positions of the timing lever. 

In fig. 21 the author has indicated, by means of a chain dotted 
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line, the position of the rotating sleeve at “ break,’’ so that by where 
this line intersects these six curves it is an easy matter to arrive at 
the value of IB for each speed corresponding to the fully advanced 
position of the timing lever. Similarly, the position of “ break *’ for the 
fully retarded position is indicated in fig. 22, and the author appends 
in the form of a table the values deduced from these two sets of curves 
for the six speeds under consideration : 


ADVANCE. 

Speed, rp... Maxine Phase Ratio, 

Current, Disphice- [is cups. Ti 

ramp. ment oy I 

100 5 * 2.84 yu 

200 3°45 ai tt yss 

500 4.62 17" Sirah az 
1,000 Hace 20 4-55 270 
2,005 5.05 25 prey 2535 
3,¢00 dpe =f" 3-5 «Ale 

RIETARD. 

Speed, repan. Maximury Phase Ratio, 

Current, Displace- Tht atps. In 

Tamp. ment os. I 

100 ie J 05 1.52 “591 

200 ee ra T2 aR .NO7 

500 P47 TH. 5 Fle 902 
1,000 y.58 20 1.57 “9 
2,000 77 2A 1.70 “gos 
3,000 3.97 oF 3-94 OQ2 


(d) Sparking Voltage and Energy Output. 

The maximum voltage will be approximately proportional to the 
value of IB, so that if we plot this factor against the speed we shall 
obtain a curve that is substantially representative of the way in which 
voltage increases with the speed. This is done in fig. 24, a second 
curve being added to represent the variation in the maximum available 
energy with the speed, as calculated from the formula : 

Maximum available energy = $LIp2 

The whole of the maximum available energy does not appear in 

the high-tension spark, as already explained, owing to certain losses. 


(3.) Resutrs or Tests. 
(a) Voltage and Energy Curves. 


Maximum sparking voltage and spark energy curves obtained 
by experiment are plotted in fig. 25. 
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Experiment has shown that under normal working conditions 
a new sparking plug requires about 3,500 volts to cause a spark to jump 
between the electrodes when the piston is in the firing position and the 
compression is about 80 lb. per square inch. It is, therefore, interest- 
i a ing to note that this 


voltage is given by the 
magneto at the very low 
speed of 60 r.p.m., the 
point being indicated 
on the curve. The 
normal running speed 
is 1,800 r.p.m. One 
a eal . would naturally expect 
160 * to find that a magneto 


Fig. 19. | - 
having these character- 
Acroplane type A.8.S. magneto. =. 


“900; —_ 


- Voltage Wave | 


1900 
an (1090 R Ph) 


= 0 


rimary Volts 


~ 10600 we 


20n00 


\ 
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istics would give satis- 
factory ignition at the moment of starting, and this is actually borne 
out in practice. 

The energy output per spark at each speed was determined by a 
calorimetric method, the test extending over an appreciable time. 
The curve plotted from 


“013 


these results conforms ig 

very closely in shape | 3 

with the maximum x 

available energy curve ~~ eI 

(3LIn?) given infig.24, = | Fs 

although the measured 2 = 

energy for cach speed = 30! 3 

is about 80°, of the 2 

calculated = maximum | : 

value. The remaining a fel guar oma La eee 
20". of the energy Is sella Te eae oe ae 7 
dissipated in the iron Fig. 20. : 


Masses in the maenetic Type A.8.S. magneto. Variation of primary self- 

: F i induction, with sleeve inductor. Position curve 

circuit and in the obtained experimentally on alternating current 
50 cycles with 3 amps. in primary. 


(b) Oscillograph Curves. 
In figs. 26, 27, and 28 a number of oscillograms for a magneto 
of this type are reproduced, and these show that the actual value of 
Ip agrees substantially with the calculated value in every case. 
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windings. 


(c) Variation of Armature Core Flux with Speed. 


By integrating the open circuit primary voltage half wave for each 
speed it is an easy matter to determine the corresponding values of the 


armature core flux N. 


Another method of determining the value of the armature core 
flux at different speeds, which has the advantage of simplicity, is to 
connect a Kenotron valve between the insulated end of the primary 
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Aeroplane type A.8.S. magneto. Primary current 
curves computed for various speeds. Curvel: 
Open circuit primary voltage curve for 1,000 
r-p.m. as determined by oscillograph test. Ordi- 
nate _o.x. represents axis of fixed armature. 
Posiiion of break: A for full advance. 


In general, if— 


and earth, in series 
with a very large non- 
inductive resistance and 
a micro-ammeter of the 
moving-coil type. The 
arrangement of con- 
nections for a test of 
this kind is shown in 
fig. 29. 

The combination 
is calibrated by deter- 
mining the D.C. voltage 
necessary to produce 
the deflection observed 
for any given speed, 
the other conditions of 
the circuit remaining 
unaltered. In this way 
the unknown resistance 
of the valve itself is 
allowed for. 


v=D.C. voltage as determined by calibration test. 


n=Speed r.p.m. 
a=No. of sparks per revolution. 
S:=Primary turns. 


N=Armature core flux (maximum). 


Then— 
N= 6 10°. - z a 
naodti 


It is not surprising to find that the value of N gradually diminishes 
as the speed is increased. This falling offZoflthe flux N results from 
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the eddy currents set up in the rotating and stationary iron masses in 
the magnetic circuit, which have the effect of damping back the flux 
at high speeds. This explains why it is that the energy curve begins to 
drop at about 1,000 r.p.m. ; if eddy currents could be entirely eliminated, 
there would be ne such drop in the curve, and the flux N would remain 
practically the same at all speeds. 


It is highly desirable, therefore, to arrange the magnetic circuit 
so that the deleterious effect of eddy currents is reduced to a minimum. 
This can be more readily done in a polar inductor type of magneto if 
careful attention is given 
to certain details of the 
design, and the twelve- 
cylinder magneto of this 
type, to be described 
later, is superior to the 
sleeve inductor type in 
this respect. 


The rotating arm- 
ature type of magneto 
as standardised by 
Bosch is a very bad 
offender from this 
standpoint, and oscillo- 
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graph tests recently Position of Rotating Sleeve, Degrees 363 

carried out on one of Fig. 22. 

the Bosch Co.’s latest Acropline type A.8.S. magneto. Primary current 
. . curves computed for various speeds. Curve 1: 

machines—built since Open circuit primary voltage curve for 1,000 r.p.m. 


as determined by oscillograph test. Ordinate 0.x 
the war—showed that represents axis of fixed armature. Position of 


break: R for full retard. 
at 4,000 r.p.m. the 


drop in the armature core flux N amounted to as much as 2305 


(d) Primary Current and Voltage Curves. 


Curve 2 in fig. 30 shows the relationship between the R.M.S. value 
of the open circuit primary voltage (measured by a voltmeter) and the 
speed. Curve | shows the variation in the short circuit primary cur- 
rent, as measured by an ammeter. The shape of the voltage curve 
also shows that the armature core flux N diminishes as the speed is 
increased, because if N remained constant curve 1 would be a straight 
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line. The dotted curves 3 and 4 are for a Bosch magneto of 
corresponding type (H.L.8). 


A very good idea of what the operation characteristics of a 
magneto are likely to be can be gathered from the value of the open 
circuit primary voltage 


=e a nd Avanced at some definite speed. 

4 rainy Cel fh It is the practice of 
| ee oe 50 the B.T.H. Co. to 
4 _ 40. measure the voltage 
2, - 8, given by every magneto 
* os 5 at 2,000 rpm. im- 


se 20 ‘ 
mediately after magne- 
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: tising. It must not be 
|Bae=Al Curves t ave been calculted. 5 
= t = 
0 2 7000 ai) less than a_ certain 
Speed PPM. at minimum figure. In 
Fig. 23. addition, the machine 
Aeroplane type A.8.S. magneto. Curves con- £ . 
necting primary maximum current (IM) and the is then run at 2,000 
phase displacement of this maximum (WW) with r.p.m. with the secon- 
the speed. -p-m. 


dary — short - circuited, 
and the voltage again measured. A minimum percentage drop in 
voltage is allowed, which must not be exceeded. Generally speaking, 
this percentage drop affords some indication of the magnetic quality of the 
magnets ; the larger the drop the lower the coercive force, and vice versa. 


(e) Circle Diagram. . 

Fig. 31 shows some 
oscillograms which have 
been plotted in the form timing Lever fully Advanced 
of circle diagrams, the ry 
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and (\L.1n*) curves. 


picture of the growth 
of the currents induced in both primary and secondary during one 
revolution of the sleeve inductor. It is quite obvious that similar 
diagrams can be constructed for any type of magneto if sufficient data 
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are available. The object of the author in giving such a diagram for 
the type “ A’ magneto is simply to illustrate the method. 


(f) Overall Efficiency. 

By measuring the power required to drive a magneto at different 
speeds, it is an easy matter to calculate, from the spark energy output, 
the overall efficiency of the machine. Three curves are given in fig. 32 
for the type * A’ magneto, curve | showing the variation in the driving 
power (watts) with the speed ; curve 2 the variation in the output, in 
watts, taking the energy curve in fig. 25 as a basis; and curve 3 the 
variation in efficiency. The latter curve is calculated from the formula : 
Output 

Input 

The efficiency values are, of course, abnormally low, and chiefly 

of academic interest, but, on the other hand, a curve of this kind affords 


a ready means of com- 12000 
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rise j x «A “y ; : ; 
“ ” the secondary Acroplane type A.8.S. magneto. Sparking 
at break the author voltage and energy curves plotted from 


results of test. 

referred to the advan- 
tages likely to result from the use of a distributer brush that is designed 
to allow a very slight clearance between the face of the brush and the 
distributer segment. Such an arrangement is used in the type “A” 
magneto, and it has proved to be thoroughly reliable and satisfactory. 

Both the brush holder and distributer are shown in section in 
fig. 14. The brush is made of steel, and has V grooves in its active 
face with a central slot for taking the square head of the locking 
screw. The brush is of rectangular section, and it is free to move 
in a brass tube moulded into the insulation. A spring forces the brush 
outwards against the head of the locking screw. 

Obviously, the screw is automatically locked, and the air gap 
between the face of the brush and the track of the distributer cai readily 
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be adjusted by first depressing the brush until the head of the screw 
is clear, and then turning the latter either one way or the other. A 
quarter of a turn on the screw, which gives the minimum adjustment, 
alters the air gap by 0.002in. When properly adjusted, the air gap 
should be between .Olin. and .0]4in. 

The amount of wear on the face of the brush after continuous 
use is so small as to 
be almost negligible. 
A brush of this kind 
has been run on a mag- 
neto at 2,500 r.p.m. for 
three hundred hours, 
and at the end of that 
time the face of the 


0.C. Voltage, 200 R.P.M. 


brush was, for all prac- 
a, tical purposes, as good 
as that of a new brush. 
There was no sign of 


any pitting. 


(5.) MecHaNICAL 
CONSIDERATIONS. 


0.C. Voltage, 1000 R.P.M. 
It does not seem to 


be generally appreciated 
that the manufacture of 
magnetos can only be 
undertaken successfully 
if very skilled labour 
is available, and the 
necessary steps are 


0.C. Voltage, 2000 R.P.M. : 
: taken to machine all the 


component parts to ex- 
tremely fine limits. The 
type “A” magneto is so complicated in design that the difficulties 
encountered in manufacturing it on a commercial basis are, without 
doubt, much greater than in the case of any other type of magneto 
being produced in England at the present time. 

Take, for example, the rotating sleeve inductor. It comprises 
two soft iron segments, which are secured by means of screws and 


Fig. 26. 
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dowel pins to a non-magnetic nickel steel end plate and spindle on the 
one hand, and to a gun-metal end plate carrying the distributer gear wheel 
driving pinion on the other. A glance at fig. 14 will-suffice to make 
clear the general construction. It should be particularly noted also 
that the rotating sleeve inductor has to run on three ball bearings, all 
of which must be in perfect alignment. The outer race of one bearing is 
carried by the aluminium driving end plate, whilst the inner races of 
the other two are 
_securely fixed to the 
respective ends ‘of the 
stationary armature end 
plates. 

The clearance on | | 
each side of the sleeve Sh.Ct. Current, 200 R.P.M. 
inductor is only 0.006in. 
and it is clear, there- 
fore, that extraordinary 
precautions must be 
taken in manufacture 
to ensure that after 
assembly the sleeve will 
be perfectly free and 
neither too tight nor too 
loose in its bearings. 


In the manufacture 
of the type “A” mag- tng ahem 
neto no less than 716 Sh.Ct. Current, 1000 R.P.M. 
limit gauges, made up 
as follows, are em- 


Fig.‘ 27. 
ployed : 
No. of Gauges of 
Type of Gauge. Different Design. 
Plug gauge a ee as si ane ae Pr F 5t 
Ring gauge res fis sai wa Mh eee mes a 18 
Snap gauge ote ae wi ath aa ms a ax 7t 
Plate gauges — 
Length .. Sa $6 ae a8 a att ies oe 12 
Height .. of #6 ate sts es ae ne ne 3 
Depth .. ‘i sie es mS ifs A) es is 4 
Roller gauges — 
Height .. ae a ie s ary sea wis “e 7 
Depth .. ts as an ws oe ae we oe 13 


‘Total = 179 


The gauges itemised above constitute one complete set. Four 
complete sets of gauges are in use, these being allocated as follows : 


(1.) For shop use. 

(2.) For shop inspectors. 

eile, 
The shop gauges are made to somewhat finer limits than are speci- 
fied on the drawing, 
so that the rejections 
made by the Inspection 
Z z BY, 2 r% Department are in con- 
: BE ir a ¥ re sequence reduced to an 
Ad Ma) Sa a “<1 absolute minimum. 

Current at break,200 R.P.M. Advance. The finer limit gauges 

are checked in the tool 
room every day, whilst 
other gauges are checked 
periodically, the fre- 
quency of the insvection 
Current at break.200 R.P.M. Retard. being dependent upon 
bse the degree of accuracy 
worked to and_ the 
liability of the “gauge 
to wear in use. 

The system of 
working is as follows : 


When the * go ” end of 


a gauge (which is made 


Advance 


somewhat larger than 
the minimum diameter 
specified) has worn 
down to the drawing 


Current af break, 1000 R.P.M. Retard. 


dimension, the gauge 1S 


passed on to the inspec- 
tors for use in inspecting 
the work. This arrange- 
ment ensures that there is always an ample supply of very accurate 
Yeauges in the Inspection Department, because the wear on gauges used in 
the shops is much more rapid than the wear from use by the inspectors. 
Furthermore, each gauge has, by this method of working, a more ex- 


Fig. 28. 
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tended life. Gauges are withdrawn from the Inspection Department 
for very slight errors from drawing dimensions, and the cost of main- 
taining a large number of gauges within narrow limits of accuracy is 
naturally quite a considerable item. 

The finest limits worked to are for the hole in the contact breaker 


cam (in fig. 14) and the end of the distributer brush spindle (in fig. 14) 


on which the cam is fitted. These limits are : 


j Masitunin diameter 13.005 mum. 


Hole in cant 2 Minitaum diameter 12.905 main. 
| Polerance 0.01 mun. 

Maximum diameter 12.905 mun. 

Kav of eae TAR dimneter 12.988 min. 
Yolerance 0,007 Dit. 


The author refers specifically to this one feature of the design so 
as to dissipate any false 
notion that the manu- 
facture of magnetos 1s a 
relatively easy problem, 
which may _ possibly 
exist in the minds of 


the uninitiated. 


R = SU tines: 
B.T.H. Twelve- Opie. nas, Lines 
cylinder Polar : Low reading u=D.C.Voltage as determined by 
Inductor Magneto." —(@) moving Coil Calibration test. 
Ammeter. -_ 
The B.T.H. Co. has n= Speed R.P.M. . 
>= a = N@of Sparks per Revolution. 
recently developed a E ge PAGE Tois 
: ? 393 
polar inductor type eal 
. Fig. 29. 
magneto, more speci’ Method of determining by Kenotron the armature 
ally for twelve-cylinder core flux at AISISEERE ieee windings open 


working, although it 

is proposed to standardise an eight-cylinder machine of exactly the 
same design by simply changing the distributing mechanism and gear- 
ing. The author believes he is right in stating that this is the first 
twelve-cylinder magneto to be developed and standardised in this 
country. Several models have already been constructed and tested 
with entirely satisfactory results on engines in the test shop, as well 
as in the air. It is designed to give four sparks per revolution, and the 
twelve-cylinder model runs at one and a half times engine speed. 


“The basic principle embodied tn this design of producing the requisite dus reversals in a 
stationary laminated armature circait: by means of a rotating polar inductor co-operating with 
fixed permanent magnets is a British invention made by Mr. TP. 1B. Murray, of the Albion Motor 
Car Company, and first disclosed by hia: ia pateut specification No. 14,737. dated Jume 28th, toon. 
VYhis patent is now void. 


This magneto is inherently of much simpler construction than 
the sleeve inductor machine already described, because the sleeve 
inductor, which by virtue of its design is a very difficult component 
part to manufacture, is replaced by a polar inductor so designed that 
it can easily be made, and which at the same time is a more rigid and 
reliable mechanical structure. Other features in the design combine 
greatly to simplify the manufacturing problems, and it is anticipated that, 
other things being equal, the output of magnetos will rise very consider- 
ably after the change over from one type to the other has been completely 
effected—a fact of vital importance at the present critical juncture. 


(1.) Description or tHE Macnero. 

A sectional view of 
the machine is given in 
fig. 33. The polar in- 
ductor consists of a 
“straight through” 
shaft made of non- 
magnetic nickel steel, 
on to which the two 
polar inductors are first 


pressed up against a 
shoulder, and then 
finally riveted in posi- 


o 1000 2000 . tion to the shaft. The 
Speed R P.M. *° ends of the magnets are 

Fig. 30. secured to two soft 

SSO RITA apes on ier Oo 
for corresponding Bosch type magneto (H.L.8). near the top of each by 


means of screws. One 
pole piece surrounds one annular portion of the inductor, while the 
other pole piece surrounds the other annular portion of inductor. There 
is an extremely fine air gap between the inside face of each pole piece 
and the outside surface of the annular portion of the inductor which 
it surrounds. 

The magnet flux, therefore, passes through this fine annular air gap 
in a radial direction, and flows from one inductor to the other through 
the laminated armature circuit. The armature windings are carried 
by a brass spool, which is secured to a laminated iron core, which in 
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aula, 


turn is fixed by means of two clamping screws to the upright laminated 
projections mentioned. These are fixed in the central casting which 
carries the pole pieces, and also provides the base of the machine. 
The contact breaker is operated by a four-part cam fixed to the 
end of the driving-shaft. The contact breaker lever js specially de- 
signed so as to give a very low moment of inertia, and tests have shown 
that it will function satisfactorily when making 16,000 breaks per 
minute. This frequency corre- 
sponds to a speed of 4,000 r.p.m. 
The distributer is of special 
design, having three distinct tracks, 
two of which are the distributing 
tracks, each provided with six seg- 
ments. The brush holder contains 
five carbon brushes, and the safety 
gap is incorporated in the brush 
holder and rotates with it. A gauze 
window is provided in the front of 
the distributer, and in consequence 
of the rotation of the brush holder 
any products of ionisation have an 
easy chance of escape. This 
arrangement is much to be preferred 
to a totally enclosed stationary type 
of safety gap, where the silent 
brush discharge is always liable to 


-------- 


Current at Break = 4:5 Amps 


produce injurious results. 
A good idea of the general 


appearance of this magneto can be 


Timing Lever fully Retarded 


formed by referring to fig. 34, 3 
2 . : . Fig. 31. 
which giv view he : 
hi INES. an outside view of t Diagram showing the Femeon of 
2 arts Primary current for a B.T.H. type 
machine, while the component pa A.8.S. machine, running at 1,000 r.p.m. 


are clearly depicted in fig. 35. 


(2.) SparKING CHARACTERISTICS AND ENERGY OurpuT. 
The magneto possesses excellent sparking characteristics at low 
speeds, as shown by the curve in fig. 36, which has been plotted from 
the results of an actual test. The energy output, although not abnormally 
high, is very satisfactory for an inductor type magneto. The curve 
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plotted from the figures obtained by a calorimeter test is also given 
in fig. 36. 

It should be noted that the maximum energy output which is 
reached at a speed of about 800 r.p.m. is as large as .072 joule. 


Special precautions have been taken in the design of the magnetic - 


circuit as well as in the choice of suitable magnetic material to ensure 
that the effect of eddy current damping is reduced to an absolute mini- 
mum. As a result of this, the falling off in the energy output as the 
speed is increased beyond the maximum point on the curve is not very 
marked, and for the sake of comparison another curve (shown dotted), 
which has been plotted from the figures obtained on testing a twelve- 
cylinder polar inductor type of magneto of American manufacture 
is added. In this case, the effect of eddy current damping at high 
speeds is very pronounced indeed, and the energy output, which reaches 


a maximum of .J65 


Ss 
a 
} 


joule at about 800 r.p.m., 


falls away to only 0.15 
joule at 3,000 r.p.m. 


There is no doubt that 


Output (Watts) 
cad a foe] 
Input (Watts) 


2 by paying more careful 
0 attention to the design 
0 1000 2000 3000 : “ : 
Speed R.P.M. wy of the magnetic circuit 

Fig. 32. as referred to above the 


Aeroplane type A.8.S. magneto. Input, output, 


and efficiency curves plotted from test results. characteristic of this 


particular magneto, so 
far as energy output is concerned, could be improved. 


(3.) Primary VoLTAGE AND CURRENT CURVES. 

Fig. 37 shows two curves, one giving the variation in the open 
circuit primary voltage (R.M.S. value) with the speed and the other 
the variation in the short circuit primary current (R.MLS. value) corre- 
sponding to the same range of speed. The open circuit voltage curve 
is practically a straight line passing through the origin, which confirms 
the view that the eddy current damping in the magnetic circuit is ex- 
tremely small. With most types of magnetos the open circuit primary 
voltage curve shows a distinct drop with increase in speed, due to the 
fact that the active armature core flux diminishes as the speed is raised. 
This drop is fairly pronounced in the case of the sleeve inductor type 
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magneto already described, as shown by the open circuit voltage curve 
given in fig. 30. 

The short circuit current, on the other hand, remains substantially 
constant for all speeds above about 600 r.p.m., and this test, in which 
the magneto is run with the primary short-circuited, through an am- 
meter of negligible resistance, is analogous to the case of an alternator 
running on short circuit. Every electrical engineer knows that in the 
latter case the short circuit current is practically independent of the spéed, 
due to the fact that the induced e.m.f. in the short-circuited winding 
varies in almost strict proportion to the reactance of the winding. 

Ness 
(4.) Primary Vourace Kick ar “ BREAK.” 

The primary voltage kick at the instant of ‘ break" was deter- 

mined at different speeds by using a Kenotron in conformity with 


Fig. 33. 
Assembly—Twelve-cylinder polar inductor type magneto. 


the method of testing shown in fig. 5, previously referred to. The 
voltage increased with the speed up to 3,000 r.p.m., very rapidly at 
first, but not so rapidly at very high speeds. Abnormally high voltages 
were measured, these being considerably in excess of any figures that 
the author has been able to obtain by testing in the same manner any 
rotating armature type of magneto. When the ratio between the 
primary and secondary turns is taken into consideration, one is led to 
the conclusion that at the instant when the high-tension spark is initiated 
an abnormally high voltage is induced in the secondary, this voltage 
being greatly in excess of any figure that has been previously assumed. 

The author has already discussed this particular aspect of the 
problem at considerable length, and would simply add, therefore, that 
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this result would seem to lend support to the views which he has put 
forward. Possibly it affords a clue as to the reason why the polar 
inductor type of magneto appears to possess certain inherent advan- 
tages, so far as the igniting power of the spark is concerned, over the 
rotating armature type as ordinarily constructed. 


(5.) OveraLt Errictency. 

The input, output, and efficiency curves are given in fig. 38. The 
input curve has been plotted from the values of the power required 
to drive the magneto at different speeds as measured by an electrical 
method, while the output curve is calculated from the spark energy 
curve given in fig. 36. The efficiency curve has been calculated in 
the usual manner, 
and is substantially in 
agreement with the 
curve for the type 
“A” magneto given 


in fig. 32. 


The Installation 
and Care of a 
Magneto. 


(1.) INSTALLATION. 


Satisfactory opera- 
tion of a magneto can 
only result if the align- 
Fig. 34. ment between the driv- 

ing shaft and the mag- 
It is necessary to drive the magneto through 
some form of flexible coupling, and fig. 39 shows a coupling that is 
used very extensively on aeroplane engines. The drive is transmitted 
through a steel leaf spring A having a total cross-section of |] mm. 
» 15 mm. Provision is made for obtaining an angular adjustment of 
the part B, which grips the leaf spring, with respect to the part C 
secured to the magneto spindle, for the purpose of timing. 

: Ths particular design of coupling is not ideal, because, whilst 
being sufficiently flexible in a plane at right angles ne the axis of rota- 
tion, to take care of rapid and cyclic variations in the driving torque, 
it does not allow for the alignment of the two shafts being slightly in 
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neto shaft be perfect. 


error. Obviously any error of this nature will bring into play large 
stresses which may eventually cause the magneto to function imperfectly. 
The author believes that a large percentage of the troubles that have 
arisen in practice with aeroplane magnetos have been due to imperfect 
alignment. 

The magneto manufacturer is very careful in machining the base 
to ensure that the distance between the bottom of the base and the 
axis of the spindle conforms with extremely fine limits of accuracy. 
For example, this distance in the type A.8.S. magneto is nominally 
50 mm., the limits being plus 0 mm. and minus 0.05 mm., giving a 
tolerance of 0.05 mm. 

The author doubts whether engine builders are working to such 
fine limits as these in 
milling the platform 
to which the magneto 
is secured, and, in fact, 
it is a very difficult 
matter for them to do 
so. Some improve- 
ment is, therefore, to 
be looked for in the 
direction of devising 
some method of fixing 
that will simplify the 
machining _ problem. 
The use of a curved 
base plate on the mag- Fig. 35. 
neto is a_ possible 
solution, because this enables the engine builder to machine the surfaces 
requiring alignment at a single boring operation instead of having to 
perform two distinct boring and milling operations. 

The curved form of base is used by the S.E.V. Co., of Paris, on one 
of their rotating armature type six-cylinder magnetos. With this 
arrangement dowel pins are used in the base for location purposes, the 
magneto itself being secured by some form of clamping device. This 
would seem to be an eminently sound arrangement. 

Even when fixing screws are used in the base it is customary to 
employ a strap which completely embraces the magnets. ‘These straps 
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are usually made of steel, and tests carried out on a type A.8.S. magneto 
have shown that the shunting of the magnet flux resulting therefrom 
amounts to about 6",,.. This means approximately a 12‘, loss in the 
energy output of the magneto—an amount not to be overlooked. It 
is, therefore, recommended that the straps be made of phosphor bronze, 
and the author believes steps are now being taken to make this change. 


(2.) Timtine. 

It is, of course, essential that when installing a magneto the adjust- 
ment of the coupling should be carefully made to give what is termed 
the correct “timing.” In other words, when the contacts are just on 
the point of separating—as determined by the indication of a battery 
and bell connected in parallel with them—the relation of the driving 
shaft to the magneto shaft must be such that the piston in the cylinder 
to be fired is some definite distance from the top of its stroke. When 
the magneto Is provided 
with variable ignition 
this adjustment is made 
with the timing lever 
fully advanced. Usually 
an aeroplane magneto 
is timed so that each 
. 1000 2000 3000 cylinder is fired when 

, — = the crankshaft is about 
hig. ob. 


' . . »hi 2 lead- 
New aeroplane twelve-cylinder inductor magneto 30 behind the: a 
Sparking voltage and energy curves plotted from 


Joules per Spark 


results of tests. Curve 3 is the energy curve centre position. 7 
Plotted from results of test on American twelve- In the type A8.S. 
cylinder inductor magneto. n ic LY} : 


; magneto the operation 
of timing is facilitated by the introduction of locking holes in the dis- 
tributer brush gear wheel and distributer end alate. so that a pin 
inserted in the gear wheel can lock 


sib the sleeve inductor in the correct 
position. 


é The pin can only be inserted after the distributer is removed, 
and likewise the pin must be withdraw ’ 
be replaced. This ensures that the 
locking pin inadvertently left in pl 


n before the distributer can 


magneto is not run with the 
ace, 


(3.) Serrine or Distrisurer Brusit. 


When the contacts are on the point of separating and the high- 


tension discharge is about to begin, the carbon brush (or metal brush 
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in the type A8.S. magneto) should overlap the distributer segment 
to the extent of about two-thirds of its contact surface. In the rotating 
armature type magneto the desired relation between brush and seg- 
ment can be easily achieved by altering the meshing of the distributer 
brush gear wheel with the full-speed wheel on the armature shaft. 
Generally speaking, the correct meshing is indicated by the magneto 
manufacturer, who spot-marks two teeth on the brush gear wheel and 
one tooth on the other wheel. When the armature is in some definite 
position the latter tooth should mesh between the two former teeth. 

In the type A.8.S. magneto the relation of brush to segment can 
only be altered by displacing the brush holder moulding with respect 
to the gear wheel to which it is secured. A change in the meshing of 
the two gear wheels is not permissible. 


(4.) Care or DisrripureR AND Brusu. 
The distributer and brush are vital parts of any magneto, and 
in’ overhauling they 
should be subjected to 


very careful treatment. 
The brush track of the 
distributer should be 
kept clean and polished. 
Any appreciable carbon 
deposit can be removed 


Speed R.P.M. 393 


by cleaning the track - 
Fig. 37. 


3 1 5 
with a cloth soaked In New aerepinne twelve-cylinder inductor mag- 

2 E, neto. hort circuit current and open Circuit 
petrol, but if the seg voltage curves plotted from results of tests. 


ments protrude even by 
the smallest amount, it is necessary to have the track machined. If 


the distributer is made of an entirely satisfactory insulating material, 
trouble of this nature will not be experienced, because there will be no 
tendency for the insulation to shrink away from the metal during the 
life of the distributer. 

For the best results to be secured it is necessary to use a very hard 
grade of carbon brush, which should be properly bedded and polished. 
The spring tension should not be excessive, and both brush and spring 
should be perfectly free to move in a radial direction. There should 
be no signs of binding in the brush holder. The author is informed that 
in certain quarters a carbon brush having a highly-polished contact face 
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is looked upon with suspicion, and in consequence it is the practice 
to remove the polished surface by the careful application of a file! This 
is a most pernicious habit, and cannot be condemned too strongly. 

Experience has shown that to secure freedom from what is called 
" tracking '” of the distributer it is very necessary to use a carbon brush 
that will readily take a high polish. The polished skin on the face of 
the brush is a desirable thing, and, when working in conjunction with a 
distributer made of suitable material and having a polished brush track, 
there is no likelihood of “ tracking.” 


(5.) Contract BREAKER. 

The satisfactory operation of any magneto is to a very large extent 
dependent upon the platinum contact breaker points being correctly 
adjusted. In the type A8.S. magneto the maximum gap between 
the contact points, which are made slightly convex, should be .012in. 
In rotating armature type magnetos the gap usually worked to is .015in., 
and, generally speaking, a magneto that has to operate at very high 
speeds—that is, one which has to give a large number of sparks per 
minute, as in the case of a twelve-cylinder magneto—should work 
with a smaller gap than one that has not to perform such strenuous 
duties. Great care should be exercised to prevent oil getting on to 
the contacts, because this will set up sparking, in consequence of the 
large resistance interposed between the contact faces, and carbonisation 
of the oil will result, which will greatly interfere with the satisfactory 
running of the machine. The contacts should therefore be kept 
perfectly clean, and this can readily be done by using a fine emery cloth. 
A file should not be employed under any circumstances whatever. 


(6.) Luprication. 

As it is standard practice to use ball be 
high-tension magneto, very little lubrication i 
attention should be given to this point by 


with the care of magnetos fitted to aeroplanes or used for other purposes. 
Over-lubrication is, in fact, more likely to produce injurious results 
than too little lubrication, because the oil wells are likely to become 
flooded, and oil will possibly find its way into the distributer and con- 
tact breaker housing. Taking the type A.8.S. magneto, for example, 


six drops of oil in each oil "well every twelve hours of running will be 
quite sufficient. 


arings in every type of 
s necessary, and special 
all those who are entrusted 
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The Problem of Engine Starting. 

The starting characteristics of the petrol motor are inherently bad. 
With other prime movers, such as the steam engine or turbine, motion 
results as soon as steam is allowed to enter the machine, whilst the 
ordinary electric motor can be started by the simple closing of a switch. 

There are, fundamentally, only three methods of starting a petrol 
motor, not one of which is ideal : 

(a) To rotate the crankshaft slowly by applying a driving torque 
until the cylinders are filled with an explosive mixture and the magneto 
is running at a sufficiently high speed to ensure satisfactory ignition. 
The driving torque may be produced either by hand rotation or by 
driving the crankshaft through gearing with an electric motor fed 
from a battery. 

(6) To introduce compressed air into the cylinders so that the 
necessary driving torque is transmitted to the crankshaft through 
the medium of the pistons and cylinders. Starting is then effected as 
under (a). 

(c) To fill one particular cylinder with an explosive mixture by 
hand rotation or in some other way, and, whilst the crankshaft is station- 
ary, cause an igniting spark to occur in the cylinder, using for this specific 
purpose a hand-operated auxiliary magneto co-operating with the main 
magneto. The main magneto may itself be adapted for producing 
this spark, while stationary, if suitable auxiliary apparatus be provided. 

Method (a), using an electric motor, is generally adopted in America 
at the present time for motor cars. It is also employed very consider- 
ably in this country for the same purpose. The method is far from 
perfect, chiefly for the reason that the torque required to start the 
engine is enormous for the size of motor that is generally installed. 

The consequence is that at the instant when the switch is closed 
the momentary rush of current reaches an extraordinarily high value— 
about 200 amps. for a 12 volt battery—when considered in relation 
to the capacity of the battery that has to supply it. Such treatment 
means that the battery very rapidly wears out and becomes useless. 

This method, the author is informed, has been tried on aeroplanes, 
but with what success he cannot say. Fundamentally, it does not 
seem to be a method particularly suited to the requirements of the case, 
unless by very special attention to the design of the electric motor it is 
possible to reduce the weight to an extremely small figure. 
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Method (6) has also been tried on aeroplanes, but here again, 
possibly on account of the increased weight of the compressed-air 
bottles which have to be carried, the method does not seem to have 
come into general use. 


Method (c) appears to have met with the greatest success, and 
it is the method generally used at the present time on aeroplanes. So 
that this method can be applied it is necessary slightly to modify the 
distributer brush holder by adding what is termed a “ trailing point.” 
This is merely a nickel point which is moulded in the insulator so that 
the angle between it and the axis of the distributer brush is something of 
the order of 30°. This point is connected to a brass ring on the front of 
the brush holder moulding, and an extra terminal on the distributer is 
connected to an additional carbon brush which is in contact with the ring. 

The hand-starting magneto—which is a small rotating armature 
type machine driven 
through gearing ~— by 


3 ee hand—is connected to 
e413" the extra distributer 
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plotted from test results. : ; 6 
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the trailing edge of the distributer segment current will flow from the 
point to the segment through the air, and thence to the electrodes of 
the spark plug in the cylinder that is filled with an explosive mixture. 

Owing to the angular displacement between the trailing point and 
the main brush, the piston in the cylinder under consideration will 
always be near the dead-centre position when the conditions as previously 
described obtain. The piston should, therefore, receive a forward 
impulse when the spark occurs, and this should be followed by other 
impulses in proper sequence until a speed is reached at which the 
ordinary magneto is capable of performing its proper functions. 

The hand-starting magnetos that have been developed in this 
country differ from the standard Bosch machine in that no high-tension 
switch is provided for the purpose of breaking the connections to the 
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main magneto so long as the starting magneto is being operated. It 
is true that the introduction of such a device complicates the wiring, 
because it means that the high-tension lead from the armature of the 
main magncto has to be brought to a distributer terminal on the starting 
magneto, and another lead run between some other terminal on this 
distributer to the rotating brush on the main magneto. 

Against all this we have to consider that the use of a high-tension 
switch absolutely prevents the main magneto coming into action until 
the starting magneto is stopped. Without the high-tension switch the 
main magneto will come into action at extremely low speeds, so that 
to prevent back-fires it is necessary to retard the ignition during the 
starting period The other scheme eliminates this necessity, because 
with fixed ignition on the main magneto it should be possible to take 
the engine up to a sufficiently high speed with the hand starter to ensure 
that when the main magneto comes into operation the timing of the 
spark will not be too far advanced. 

It is perhaps not out of place to refer to the method of starting 
adopted on the 200h.p. Maybach engine fitted to German airships 
brought down in this country, as described in The Automobile Engineer 
for December, 1916. This type of engine has six cylinders, two-point 
ignition being provided. Two Bosch Z.H.6 magnetos—a new type 
of rotating armature magneto evidently developed since the outbreak 
of war—one of which is fitted with a trailing point, are provided. The 
hand starter is coupled up to the magneto with trailing point in the 
ordinary way. 

A special method is adopted for filling the cylinder with an ex- 
plosive mixture. By means of a lever and camshaft all the valve tappets, 
inlet and exhaust, are lifted off their cams. At the same time the lever 
actuates other levers which close the exhaust passage to the silencer by 
partially rotating the water-cooled barrel valve in the exhaust manifold. 
The exhaust ports and the outlet in the exhaust manifold are thus put 
in communication with a secondary outlet pipe that leads to a large 
suction hand pump, by means of which gas is sucked into the cylinders 
from the two carburetters through all the inlet valves. When this has 
been done the lever arm previously referred to is returned to its normal 
position. This operation opens the exhaust outlet to the silencer in 
the normal running position and closes the pipe leading to the suction 


pump. The hand starter is finally turned and the engine begins to 
rotate. 
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It is interesting to note that the angle between the trailing point 
and the centre of the distributer brush on the Bosch Z.H.6 magneto 
is 42°. On the type A.8.S. magneto fitted with trailing point this 
angle is, as already stated, 30°. 


Special Problems in connection with the Design of 
Aeroplane Magnetos. 
(1.) RELIABILITY. 

Reliability is a desirable feature of every piece of apparatus, no 
matter for what purpose it be used. In the case of an aeroplane mag- 
neto this is a consideration of primary importance, because failure of 
the magneto may mean sudden destruction of the machine and pilot, 

Fundamentally, a reliable piece of apparatus will result if : 

(1.) The design is reliable. 

(2.) The materials are correctly chosen. 

(3.) The workmanship is perfectly sound. 

These three points can be checked by ¢esting the apparatus most 
carefully with the 
object of bringing to 
light any incipient 
defect. 

We therefore see 
very clearly that an 
aeroplane type of mag- 
neto should be most 
carefully and rigorously 
tested before it leaves 
the manufacturer. During this test the strain put upon the machine, 
both mechanical and electrical, should be greatly in excess of the maxi- 
mum strain likely to obtain under abnormal working conditions. If 
the machine passes this test, both the manufacturer and user will know 
that the factor of safety is sufficient to ensure that no breakdown will 
occur during the subsequent life of the machine. 

These fundamental considerations were carefully borne in mind 
when arranging the series of tests to be imposed upon the type “ A” 
magneto, Furthermore, an elaborate system is in force for testing 
samples from each batch of material as received from outside suppliers, 
so as to ensure that the rigid specifications to which materials are ordered 
are faithfully adhered to. 


Fig. 39. 
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In the case of the armature, which forms such a vital part of the 
whole construction—being virtually the “heart ’’ of the magneto— 
extraordinary precautions are taken. First, by carefully inspecting all 
the insulating material and each reel of enamelled wire, and, secondly, 
by subjecting the finished armature to a prolonged electrical test with 
the secondary discharging at 9,500 volts between electrodes. In 
addition to this, the armature is inspected several times at various stages 
of the winding and finishing process. 

Finally, every magneto is subjected to running tests as follows : 

(1.) Run for twenty hours at 2,500 r.p.m. at air temperature, with 
each distributer terminal connected to a spark gap adjusted to discharge 
at 7,500 volts. 

(2.) Completely dismantled and various metal parts cleaned in 
petrol. Magneto then reassembled and adjustments made where 
necessary. 

(3.) After remagnetising, magneto run for four hours at 2,500 r.p.m., 
with spark gaps as under (1), in a hot box with air at 100° F. 

(4.) At the end of this final run the magneto is tested at low speeds 
to ensure that the sparking characteristics are satisfactory. 

(5.) Before shipment the magneto is inspected in every detail, 
all adjustments carefully checked, and screws tightened and locked 
where necessary. 


(2.) Repuction or WEIGHT. 

It is obviously desirable to keep the total weight of an aeroplane 
type magneto as low as possible. To do this it is first necessary to 
develop a design that requires a minimum volume of material, and, 
secondly, to use, if possible, aluminium castings. Special steels should 
also be used wherever possible, so that the required strength can be 
achieved with a minimum weight of material. 

Die castings made of an aluminium-copper alloy containing no 
zinc are to be preferred to sand castings, because the general appearance 
of the magneto is enhanced thereby, and the amount of machining 
that has to be performed on the parts is very considerably reduced. 
Furthermore, the metal is much tougher, and the threads in tapped 
holes are not so likely to become stripped when the screws are securely 
tightened. 

At the present moment the few manufacturers in the country 
capable of producing satisfactory die castings for this class of work 


, 
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are so inundated with urgent Government orders that it is doubtful 
whether they are in a position to meet the whole of the requirements 
of the magneto industry. The author refers to the matter, however, 
in the hope that the many firms now producing satisfactory aluminium 
sand castings, but not die castings, may have their interest stimulated 
in this direction. 

Most excellent die castings are at the present time used by all 
the leading magneto manufacturers in France, judging by the French 
magnetos that have come into the author's hands, and it would appear 
that the aluminium die-casting industry in France is in a very healthy 
state of development. 

It is evident, therefore, that great possibilities are presented to 
English manufacturers, because for small repetition work every designer 
would prefer to specify accurately-finished die castings rather than 
sand castings if there were reasonable hopes of obtaining adequate 
and continuous supplies in this country. 


(3.) Etimination oF Fire Risk. 

This is of vital importance, because any sparking within the mag- 
neto may be the means, under operating conditions, of initiating a fire 
by igniting a mixture of air and petrol in the surrounding medium. 
The author is at liberty to refer to certain tests* that were carried out 
by the N.P.L. in the early days of the war to determine the extent of 
this danger. A number of different types of pre-war Bosch magnetos 
were taken, including the types Z.U.4, Z.F.4, D.U.6, and D.A.L., 
and run in a chamber that could be filled with an explosive mixture of 
air and petrol. Generally speaking, it was found that explosions were 
likely to occur as a result of: 

(1.) A succession of sparks at the safety gap. 

(2.) Sparks between distributer segments or other high-tension 
parts and the frame of the magneto. 

(3.) Sparks at the contact-breaker points. 

Trouble is most likely to arise from cause (1), although this was 
eliminated by enclosing the safety spark gap in a fine mesh gauze casing 
on the principle of the Davy safety lamp, so as to prevent any explosion 
in the immediate vicinity of the safety gap electrodes being propagated 
in the surrounding medium. 


* See Report and Memoranda, No. iso, of Advisory Committee for Acronmauties, 


ce 
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Trouble due to causes (2) and (3) can be eliminated by careful 
attention to the design of the magneto to prevent any wasteful sparking 
of this nature. In the type “A” magneto this is done, whilst the 
safety spark gap is contained in a separate gas-tight chamber fixed 
underneath the distributer and provided with a ventilation hole covered 
with a piece of very fine mesh gauze. It is necessary to ventilate the 
chamber so that the products of ionisation have free access to the sur- 
rounding air. The gauze opening ensures that any explosion occurring 
inside the chamber as a result of a discharge at the safety gap is not 
communicated to the outside medium. 

As a “ spark-gap " type of distributer is used, it is necessary to 
provide some form of ventilation so that the products of ionisation can 
escape. Here again the ventilation hole in the front of the distributer 
is covered with a piece of fine mesh gauze, and the whole combination 
is thus perfectly safe. The author would add that very severe tests 
carried out on this particular machine by introducing an explosive 
mixture of coal gas and air into the contact-breaker housing, safety 
spark-gap chamber, and distributer, have quite confirmed this view 
that the risk of fire under operating conditions has been entirely 
eliminated. 

In the twelve-cylinder polar inductor magneto previously described, 
the safety spark gap rotates with the distributer brush. This is, in 
the opinion of the author, a distinct improvement upon the stationary 
form of spark gap generally adopted, because the products of ionisation 
are churned up and quickly expelled through the ventilation window 
provided in the front of the distributer. This window is covered with 
gauze, as in the type “ A” machine, which makes the magneto fireproof. 


(4.) Tue Prostem or VARIABLE TIMING. 

Opinions appear to differ as to whether it is absolutely essential 
that an aeroplane magneto should be provided with means for adjusting 
the timing. Several thousand type “A” eight-cylinder aeroplane 
magnetos with fixed ignition have been supplied, so presumably on 
certain types of engines variable ignition is not required. 

When starting a petrol engine it is, generally speaking, necessary 
to retard the ignition so as to prevent the explosive wave in the cylinder 
being sufficiently propagated before the piston reaches the top of its 
stroke to produce a back-fire. 


In the case of an aeroplane engine the necessity for making such an 
adjustment should not arise if a hand-starting magneto provided with 
a high-tension switch be used. 

Reference is made to this point under “ The Problem of Engine 
Starting.” In view of the fact that the hand starters now being used 
in this country are not fitted with this special cut-out switch, it seems 
necessary that some provision should be made either inside the magneto 
or in the outside drive for an adjustment of this nature. The method 
of obtaining adjustment of the timing, adopted by the Bosch Co. in 
their pre-war rotating armature type magnetos, was to make provision 
for rocking the contact-breaker cam housing through a defnite angle 
ranging between 16° and 35°. A suitable lever, securely attached 
to the cam housing, was provided to enable any adjustment of this 
nature to be easily made. Obviously, any angular displacement of this 
housing will cause the spark to occur either earlier or later in each 
cylinder, depending upon whether the lever receives a backward or 
forward movement. 

The primary current curves shown in figs. 21 and 22, which are 
typical of what occurs in other types of magnetos, clearly prove that 
at low speeds—-when the necessity for retarding the ignition is greatest— 
any retarding of the spark will greatly weaken its intensity. At high 
speeds, on the other hand, the reverse is true, and the spark becomes 
stronger as the timing lever is retarded. 

This inherent defect of a high-tension magneto, as ordinarily 
constructed, can be overcome by providing special sliding poles, which 
are mechanically connected to the timing lever, so that their position 
is changed at each adjustment of the timing. A design of this kind js 
used on one of the Bosch Co.'s latest magnctos, developed since the 
outbreak of war, and it ensures that when the primary circuit is broken 
the armature always bears a definite relation to the pole pieces, regard- 
less of the position of the timing lever. In consequence the current 
Ip for any given speed will remain constant, and the intensity of the 
spark will be the same for all adjustments of the timing. 


Having overcome one inherent difficulty, the other one associated 
with the distributer still remains. If we assume that when the timing 
lever is fully advanced the contact-breaker points close just before the 
carbon brush leaves the distributer segment—and at very high speeds 
the high-tension spark will persist until the contacts close—it is clear 
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that with the lever fully retarded the carbon brush will be some distance 
off the segment when the spark ends. In other words, sparking 
between carbon and segment will result, which must tend to burn 
the brush track. 

This second inherent difficulty can only be overcome by designing 
the contact-breaker cams to give a very short period of open circuit 
(01), but from other considerations it is undesirable to make (1 too 
small. The difficulties likely to arise in this connection are more pro- 
nounced on a twelve-cylinder magneto, where the problem of distribution 
is very complex. 

Taking everything into consideration, therefore, the author firmly 
holds the view that in the case of an aeroplane magneto adjustment 
of the timing should be made outside the magneto and incorporated 
in the drive by the engine designer. This enables the magneto designer 
to work out his design on the basis of fixed ignition, and he is thus 
enabled to simplify the 100 
mechanical construction 
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method of adjusting 
the timing that can be incorporated in the magneto drive is not difficult 
of solution. For example, some form of sleeve working on a coarse 
thread and capable of movement in an axial direction can be provided 
for this purpose. On these lines it is possible to develop a scheme 
whereby both magnetos (in cases where two-point ignition is adopted) 
can be adjusted in phase by the movement of a single-lever arm. It 
is also possible to provide for adjustment through a worm spindle 
operated by a flexible drive terminating in a hand wheel placed in close 
proximity to the pilot. This latter method would allow of a remarkably 
fine adjustment being obtained. 

It is hoped that a solution of this problem will be found by working 
along these lines, and that eventually the magneto designer need not 


on 
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concern himself with the problem of providing as an integral part of the 
magneto means for timing adjustment. 


The Problem of securing a Truly British Magneto. 

Now that a British magneto industry has been established on a 
sound foundation, it is vitally important that when the war is over this 
industry should be supplied with the necessary materials used in the 
construction of high-tension magnetos from within the British Empire. 
Only in that manner can we secure a truly British-made magneto, 
Viewed from the national standpoint only, such a course is absolutely 
essential, because otherwise, in the event of war, this industry, upon 
which so many other war industries are dependent, will be handicapped 
for lack of one or more essential materials. 

So that this problem can be better appreciated by those in authority, 
the author itemises below the various materials now being used in the 
construction of high-tension magnetos, classifying, where possible, 
under the component parts of the machine in the construction of which 
they are used. 

(1) ARMATURE. 

(a) Enamelled high conductivity copper wire. 

(b) Varnished paper, silk, and cambric. 

(c) Silk tubes of very fine bore. 

(d) Best Egyptian cotton tape. 

(e) Insulating baking varnish. 

(f) High resistance sheet iron giving maximum perme- 
ability. 

(2) CONDENSER. 

(a) Best ruby mica. 
(6) Tin foil, preferably having a matt surface on both 
sides. 

(3) Contract BREAKER. 

(a) Best grey fibre. 
(6) Platinum-iridium contacts. 
(c) Very high-grade steel strip springs. 
(4) Macnets. 
(5) Moutpep INsuLATING MATERIAL COMPARABLE WITH STABALITE. 
(6) Esontre Rop AND SHEET. 
(7) Carson BrusuHes. 
(8) ALumiInium-copper Die Castincs. 
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(9) Brass Srampincs AND Die CAsTINGs. 
(10) SpeciaL STeELs. 
(a) Accurately finished stampings. 
(6) Rough forgings. 
(c) Bar material. 
(11) Batt Beartnes. 

Practically all the essential materials just itemised are produced 
in this country at the present time, but the author calls special atten- 
tion to the following materials with a view to stimulating the interest 
of English manufacturers in regard to this important question, so as 
to ensure that there will be no doubt whatever about the magneto 
industry being able to obtain adequate supplies in this country after 
the war is over. 


Varnished Paper, Silk, and Cambric. 


These insulating materials are essential to the manufacture of a 
satisfactory magneto armature, and, although they can be purchased 
in England at the present moment, the author believes he is right in saying 
that the greater portion of these materials is imported from America. 
He is also informed that the varnished silk in particular is of somewhat 
peculiar origin. The very fine mesh silk itself is woven in Japan, being 
sent from there to America, where it is treated with a special high- 
grade insulating varnish. The finished article is then sent to England, 
where it is distributed by agents to the various magneto manufacturers. 
There does not seem to be any reason why English silk manufacturers 
should not supply silk of the necessary degree of fineness, and if this 
is done the author understands that there is no difficulty in subjecting 
the silk to a varnish treatment that will produce a finished article com- 
parable with what is now being imported from America. 

There is one other point in connection with this matter worthy of 
note. The insulating varnish generally used for this purpose has 
a linseed oil base, and the varnish manufacturer is at the moment 
depending on supplies obtained from foreign countries. As is well 
known, linseed oil is produced by crushing the seeds of the flax, and 
it is evident, therefore, that adequate supplies could be obtained 
within the boundaries of the British Empire. 


Moulded Insulating Material comparable with 
Stabalite. 


At the present moment there are several manufacturers in England 
who are making moulded insulating material similar to the German 
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stabalite, and, although very good results have been achieved, it does 
not appear that these manufacturers are yet in a position to meet all 
the demands of the magneto industry for moulded distributers and other 
parts, such as slip rings and brush holders. Furthermore, an improve- 
ment in the quality of the material now being produced is to be looked 
for, although the author would add that the recent progress made in 
certain directions has been most gratifying. 

There seems absolutely no reason to suppose that the English 
manufacturers will not eventually be in a position adequately to meet 
all the demands for this class of moulded material, but co-operation 
between them and the magneto manufacturers is necessary, so that 
the former may be fully alive to the importance of details, and to ensure 
that immediate action is taken to overcome any objectionable char- 
acteristic of the material, which may only make itself evident under 
operating conditions on a magneto. 


Carbon Brushes. 


The author believes it is a fact that the most satisfactory distributer 
carbon brushes are at the moment being manufactured in France, 
although one English manufacturer in particular has certainly made 
very commendable progress during the past twelve months in the 
direction of producing a distributer brush comparable with the French 
brush in question. It is hoped, therefore, that the English manu- 
facturers of carbon brushes will in the very near future be able to meet 
all the demands made upon them by English magneto manufacturers. 
This is another case where hearty co-operation between the brush 
manufacturer on the one hand and the magneto manufacturer on the 
other hand is necessary if the best results are to be achieved. 


Die Castings. 
(a) Aluminium. 
For magneto work, die castings made from an alloy of aluminium 


and copper, containing no zinc whatever, are eminently desirable. 
Satisfactory castings of this composition are at the present time 
being produced in this country, although unfortunately the amount of 
war work to be done in other directions does not allow of the few manu- 
facturers concerned meeting all the demands of the magneto manu- 
facturers. It is hoped, however, that the manufacturers of die castings 
will give special attention to this question immediately, so as to ensure 
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that after the war is over the demand for die castings that will be made 
upon them by English magneto manufacturers will be fully met. 
(6) Brass. 

The present position as regards the manufacture of brass die 
castings is even less satisfactory than that outlined above. The 
author would, therefore, point out that the magneto industry would 
receive considerable assistance if it were possible to purchase brass 
die castings in large quantities, and it is hoped that the question will 
receive the serious attention of the manufacturers concerned in the 
immediate future. 


Conclusion. 

In conclusion, the author would like to tender his thanks to his 
assistants, Mr. H. Warren and Mr. F. G. Coombes, for the very con- 
siderable help they have rendered in connection with the experimental 
work referred to in the text and the preparation of curves. The author 
is also indebted to the firms of Thomson and Bennett and the M-L 
Magneto Syndicate for the information included in this paper concerning 
certain of their aeroplane. magnetos. Finally, he has to thank the 
B.T.H. Company (with whom he is connected), who have very gener- 
ously allowed hin to make such free use of certain information gained 
in their experimental laboratory, and which forms the basis of most of 
his papers on this subject. 
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APPENDIX I. 
Some Notes concerning Battery Ignition Systems. 


(1.) Tue Use or tHE System IN AMERICA. 


During recent years the battery system of ignition has become 
extremely popular in America, and at the present time it is even being 
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used more extensively for automobile work than the high-tension 
magneto. The author has therefore felt that it would not be out of 
place to include, in the form of an appendix to his paper, which primarily 
deals with high-tension magnetos, a detailed analysis of the working 
of the battery system. In fig. 40 are two curves which show what the 
American practice has been since 1913. The percentages which form 
the basis of these curves relate to all types of American car, excluding 
the Ford, and they have been compiled by the Horseless Age of America : 
Percentage of ears fitted with 

Year. Magneto. Battery ignition, 
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TOTS Sus . af 59-5 


WI on tee $ 25a vie 74-4 
iL | Sy Per on sy ay od aie Piers | 


The figures given for 1917 are taken from an article in the Horse- 
less Age for September Ist, 1916, and were deduced from information 
available at that time. It is possible, therefore, that the actual per- 
centages may be slightly different from the figures quoted. In any 
case one must conclude that the battery system of ignition is still favour- 
ably looked upon in the States, and there has been during the past three 
years a most marked tendency in the direction of this system of ignition 
displacing the high-tension magneto. On the other hand, it must be 
carefully borne in mind that so far American users have only had about 
two years’ extended experience with the battery system of ignition. 


(2.) Macneto versus Batrery System. 

This very vexed question around which a heated controversy has 
been raging both here and in America for some time past will undoubtedly 
solve itself in the course of time, and if during the next few years the 
magneto curve in fig. 40 reaches a minimum and takes an upward turn 
it will clearly show that the battery system has been fairly put upon 


its trial and found wanting. 
The author does not imagine for a moment that the battery system 


will ever die out entirely in America, because, owing to the vogue 
of electric lighting and starting in that country, there are many good 
arguments which can be put forward for a thoroughly reliable system 
of this kind. At the same time it must be fully realised that the battery 
system of ignition has been used on American cars to such a large 
extent in recent years simply because there was not available in that 
country a ltigh-tension magneto comparable with the Bosch magneto, 
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manufactured in Stuttgart, Germany, which, as everyone knows, was 
generally used on practically every English car prior to the outbreak 
of war. No doubt the American high-tension magnetos now being 
manufactured are a great improvement on those produced a year or 
so ago, and this fact in itself will have an enormous influence upon 
the future possibilities of a battery system of ignition in that country. 

The author's view is that even in this country after the war we are 
likely to see some form of battery ignition system at least tried—if not 
standardised—for certain English cars, and this possibility should be 
faced by all manufac- 


turers of high-tension jy emsenbonery 
magnetos. Having said | 


this, however, the 


author feels convinced 
that the extent to which 
a_ battery system of 
ignition is adopted by 
English motor car il 
manufacturers after the Frame 
war will depend greatly 
upon the efforts that 
are put forth by the 
English magneto manu- 
facturers in the direc- 
tion of producing a 
very cheap, and at the 
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same time a very reli- 
able, high-tension mag- 
neto. If they succeed in 
doing this, then he does 
not think that the 
battery system of 
ignition will come into extensive use, because, on the basis of the 


Fig. 41. 
Lenoir's high-tension ignition arrangement. 


two ignition outfits being sold at the same price, the magneto is 
undoubtedly the superior article. It is self-contained and a thoroughly 
reliable unit, whereas no matter how the battery system is constructed 
this must essentially be dependent for its efficiency upon a separate unit, 
namely, the battery, which unfortunately is the poorest mechanical 
and electrical component part of the modern motor car. 


Ot 


The battery system of ignition has been suggested for use on acro- 
planes. The author considers that the use of a battery system of 
ignition for this particular purpose is a retrograde move, because in 
aeroplane construction reliability—even regardless of cost—should be 
the first and primary consideration. From the reliability standpoint 
the battery system is inherently weaker than the high-tension magneto, 
for in the one case, as already stated, the ignition system derives its 
power from a separate unit—namely, the battery—which is very liable 
to get out of order, whilst in the other case the magnets, which are 
thoroughly reliable, both mechanically and magnetically, are the source 
of energy. 

Bearing these facts in mind, therefore, the author does not think 
that the use of a battery system of ignition for aeroplane work should 
be seriously considered so long as the English magneto manufacturers 
are in a position to produce thoroughly reliable high-tension magnetos, 
as they have been doing since the outbreak of war. 


(3.) AN ANALysIS OF THE WorKING OF THE Battery Sysrem oF Icnition, 
(a) Historical. 

The modern battery system of ignition is a direct descendant of 
the first high-tension system of electrical ignition, which was devised 
and constructed by Lenoir about 1860. The arrangement of Lenoir’s 
system is shown in fig. 41. 

A bunsen battery supplied current to an ordinary Ruhmkorff 
induction coil, and the secondary winding of this was connected to 
plugs through a high-tension distributer. The latter consisted of a 
rotating insulated arm (a), which swept over a brass insulated ring (C) 
and two brass insulated segments (b). The rotating arm (a) did hot 
make metallic contact with either the ring or segments, and the current, 
in flowing to the plugs, had to jump the small intervening air space 
between the underside of the arm (a) and the ring on the one hand 
between the arm and the segment on the other. 


and 


It is interesting to note that the modern battery system is con- 
structed on much the same lines, except that the trembler make and 
break on the induction coil has been replaced by a positive make and 
break mechanically operated. In the early days of motoring in this 
country the battery coil system was generally used, the current to a 


trembler coil being controlled by a rotating contact disc. Most of the 
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troubles experienced in those early days appear to have been due to the 
trembler coil, and in the very latest systems as used in America this 
device is dispensed with, and a positive make and break as used in the 
magneto is employed instead. 


(b) The Modern Battery System. 


Fig. 42 represents diagrammatically the arrangement generally 
employed at the present day. A description of this diagram will suffice 
to explain the main features of all the battery systems now being used 
in America, because these systems differ only in their constructional 
details and generally in respect of the design of the distributer and 
contact breaker. 


The induction coil does not call for special comment. It is con- 
structed on the lines of 
the well-known device 
designed and perfected 
by the French mechani- : SB 8 & 


t0¥ 


cian Ruhmkorff sixty + Plugs 
years ago, except that Distributer 

the integral contact : Secondary 
breaker mechanism is rabidly 
dispensed with. The contacts & y R 
primary consists of a S d+ 


AS G7 
; : ! ; K = 
few turns of thick wire, 7 Ow Cam T= 
i 


while the secondary is 
wound with a_ large 


number of turns of very Fig. 42. 


2 * Modern battery and coil high-tension systems, 
fine wire, the ratio of as used largely in America. 


¥ 
Earth Earth 


turns being something 

of the order of 100. Both windings are threaded on to an iron 
core, the primary being nearest the iron and the secondary on the out- 
side of the primary. A condenser K and the ballast resistance R are 
fitted to the coil, and the whole forms one complete unit. 

The ballast resistance is sometimes dispensed with, although in 
the “ closed circuit ” system it is necessary to limit the current through 
the primary at low speeds. Iron wire is most frequently used for this 
unit, because it increases its resistance rapidly with increase in tem- 
perature. Should the current tend to rise, the increased heating in 
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the resistance unit will result in a rapid rise in resistance, thus auto- 
matically preventing any appreciable change in the current. 

The primary winding, it will be noted, is connected in series 
with the resistance R and the contacts A direct across the battery, while 
the secondary winding is coupled up to the rotating arm of the distributer 
in the usual manner. In fact, if the battery resistance R be deleted 
so that the primary is short-circuited on itself when the contacts A 
close, the connections correspond exactly to those of the high-tension 
magneto. The only vital difference between the working of the two 
systems is that, whereas in the magneto the current in the primary is 
“induced "’ by the rotation of the armature in the magnetic field, in 
the other system current is supplied by the battery at a practically 
constant voltage. 

Usually the contact breaker and distributer form one complete 
unit, the contact breaker cam and distributer arm being fitted to the 
same spindle. It is necessary with some systems to provide for auto- 
matic “ advance ” of the spark with increase in speed, and this result 
is achieved by driving the contact breaker camshaft through a spring- 
controlled centrifugal governor, so that it receives a forward displace- 
ment (with respect to the driving-shaft) which increases with the speed. 

The contacts A, which in many cases are made of tungsten, are first 
closed for a certain period—during which time the current in the primary 
grows in value—and then suddenly opened. At that instant the high- 
tension spark occurs as a result of the enormous voltage induced in the 
secondary by the collapsing of the magnetic field created by the primary 
current. The intensity of the high-tension spark is dependent—other 
things being equal—on the value of the primary current that is broken 
when the contacts A separate. Let us, therefore, investigate this point 


a little more closely. 


(c) Theoretical Considerations. 
When the contacts close a steady and constant voltage E is applied 
to an inductive circuit which comprises the primary winding in series 
with a certain resistance, and the current grows from zero in conformity 


with the well-known exponential law : 
Rf 


=8) I—ée i ee oe es (I) 
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Where 
i = Instantaneous current—Amps. 
R = +--+ = Total resistance of primary circuit—Ohms. 
L. = Self-induction of primary—Henries. 
E = Battery voltage. 
t = Time in seconds, measured from the instant at which the circuit 


is closed. 
+ = Resistance of primary—Ohms. 
v1 = Ballast resistance—Ohms. 


During the short interval of time that the primary current is grow- 
ing a magnetic field is being created by the current, and it is by virtue 
of this magnetic field that energy 1s stored in the winding. At the 
instant of * break" the magnetic field suddenly collapses and induces 
in the secondary winding an enormous voltage, which is sufficient to 
produce a spark at the plug. The action is analogous to what takes 
place in a high-tension magneto, although the characteristics of a coil 
can be much more easily investigated, because we are dealing with a 
steady voltage the whole time, whereas in a magneto the voltage is 
alternating and dependent on the speed of rotation of the armature. 

Looking at the matter in another way, one may say that at the instant 
of “ break” the energy stored magnetically in the primary at a low 
potential is transferred instantly to the secondary at a very high potential, 
where it manifests itself as a spark at the plug points. Of course, a 
certain amount of energy is lost during the process, but probably 
something like 70°, of the energy stored in the primary is available 
for ignition. 

In considering the characteristics of different ignition coils, there- 
fore, we are (as with the high-tension magneto) chiefly concerned with 
the primary self-induction L and the value of the current at “ break ”’ 
Ip. The latter can be readily calculated for known conditions, from 
equation (1), and the author can best explain the working of this formula 
by applying it to a concrete example. 

Assume that 

L = 0.0125 henrie. 
R = 0.25 ohm. 
E = 6 volts. 

The growth of the current in the primary circuit under these 
conditions is shown by the larger exponential curve in fig. 43, calcu- 
lated from equation (I). The current i, theoretically, never attains 
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the steady value I as calculated from Ohm’s law, which in this case is 
24 amps., as the current curve is asymptotic with respect to the chain- 
dotted horizontal line corresponding to the steady current. At the 
end of 0.3 second, however, it can be assumed that the steady condition 
has been reached, because at that instant the current curve is, for all 
practical purposes, merged with its asymptotic. 

If we consider a time interval of only 0.0033 sec. measured from 
the instant when the circuit is closed, we see that the current has reached 
a value of 1.5 amp. In other words, the current has reached 6.2°;, of 
its final steady value in less than one hundredth of the time taken 


for that steady condition to be attained. The rate at which the 
current grows is very 


26 1 a aaa 
ima 24 ps _ | : rapid at the instant of 
22 > 


closing the circuit, but 
the rate of growth 


wo 

a oe ; 

z. diminishes as time goes 
S on. Obviously, the 
La whole shape of the 


curve can be altered 
by changing L and R— 
that is, by altering the 
size of wire and the 


Time (t) Seconds 
ei, ti, number of turns on the 


Battery ignition systems. Typical curves show- primary, or by Inserting 


ing g:owth of primary currents. : 
a ballast resistance jn 


series with the winding. In this connection it should be remembered 


that for a given design of coil : 
L-= K * 5p? 
Kix Sp? 


r 


Where 
K and Ki = Constants. 


Sp = Primary turns. 

Let us suppose that a ballast resistance of 0.75 ohm is connected 
in series with the coil just considered, bringing the total resistance of 
the primary circuit up to |ohm. The maximum current | is now 
reduced to 6 amps. The smaller curve in fig. 43 represents the growth 
of the current under these new conditions. Considering either of 
these curves, it will be found that the ratio L/R (usually called the 
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“‘ time-constant "” K of the circuit) is the time taken for the current to 
reach 63.2°% of its final and steady value I. 


(d) The Vital Importance of the Contact Breaker. 


The form of curve to be aimed at is settled by the characteristics of 
the contact breaker mechanism that is used in series with the primary 
winding. Broadly speaking, these mechanisms can be classified under 
two distinct groups : 

(1.) The “ closed circuit *’ contact breaker. 
(2.) The “ open circuit "’ contact breaker. 

The “ closed circuit "’ contact breaker corresponds in principle to 
the mechanism adopted on many high-tension magnetos, in that the 
circuit is closed for the greater portion of the time interval between 
successive sparks. At the instant of firing the circuit is rapidly broken 
and then immediately 
made again. The type 


cs 


o 

of breaker mechanism =4 

used in the Delco and a2 

Connecticut systemsbe- 5 

longs to this class. In 0 “05 Sa eee 15 ® 
such cases it 1s not a 

ssesntial ‘that the qm weueqy fenton. Spatedix. ‘Guerant  wavd dor 


typical ‘‘clo-ed’’ current system. Calculation 
made for the following assumed conditions : 


mally steep at the be- — prattery volts; 6.0. I 2 .oras henrie. 
: f Ballast resistance ry = 0.25 ohm. y = 0.25 0hm. 
ginning, and the lower = Speed = soo r-pan. ? 


curve in fig. 43 would eel ee P 

be suitable. In fact, 

the values of L and R, chosen as a basis for this curve, are quite repre- 
sentative of the “ closed circuit "” battery system used in America at 
the present day, so that the current values given by the curve are fairly 
accurate for such a system. 

Considering the case of a six-cylinder engine running at 2,000 
y.p.m., 100 breaks per second would be required—that is, the interval 
between successive breaks would be 0.01 second. Assuming that 
the ratio: 


rent curve be abnor- 


Time circuit is closed 

Tine exeul i open 
then the primary is closed for 0.0075 second at this speed and open for 
0.0025 second. This means that at the instant of ‘* break’ the primary 
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current has reached the value of 2.4 amps. At lower speeds the time 
during which the primary is closed would be correspondingly greater. 
Thus at 1,000 r.p.m. the primary weuld be closed for 0.015 second, and 
at “ break” the current would be 4.2 amps. At very low speeds, say 
below 200 r.p.m., the maximum current I would be broken in every case. 

With the “open circuit” type of contact breaker mechanism as 
used in the Atwater-Kent system*, the primary circuit is open for 
practically the whole time, the contact breaker being of the quick-acting 
type designed to make and break the circuit rapidly just before firing. 
It is claimed that in the Atwater-Kent system the primary circuit is 
closed for only 0.0033 second. This time interval is, furthermore, inde- 
pendent of the speed. 

It is obvious that when the “open circuit” type of contact breaker is 
used the current curve must be very steep at the beginning, so that the 
current in the primary can reach an appreciable value before the circuit 
is again broken. The large curve in fig. 43 is suitable for these conditions, 
and it should be noted that if the primary be closed for 0.0033 second, 
the current will have reached 1.5 amp. This is the current IB that would 
be broken. Here again the assumed conditions are quite representative 
of the “ open circuit " system as used in America. 

(e) The Electrical Characteristics of the System. 

(1.) Energy Consumption. 

The author has already explained that during the period when 
the contacts are closed the primary current rapidly increases from 
zero value in accordance with a definite law. After a certain time 
interval the current is suddenly broken, and this usually occurs before 
the final and steady value (as calculated from Ohm's law) is reached. 
To determine the energy consumed by the primary in a given time, 
therefore, we must measure the area of a series of current curves which 
take the general form shown in fig. 44, and multiply this result by the 
battery voltage. 

Let us assume that : 


Time during which contacts are closed = 71 
Engine speed... 5 i .. = nayp.m. 
Number of cylinders .. sm on = @ 

na 
Number of breaks per sec... - = 199 = b 


And, adopting the notation previously used, we get : 

8 ‘The Aawater: Mert con have ity changed over to a closed circuit’ type of contact breaker, 
although they have supplied cnormous quantities of battery ignition sets fitted with their well- 
known type of ‘Open circuit contact breaker, 
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Each current wave shown in fig. 43 conforms with the law of growth: 


kt 
i= i( =: - 


.. Area of each current wave = fiat 
oO 


Area of each current wave 


Te y =k 
=/ rae) 
o \ 


Calling this area X, we have : 


Ti PSR RT, 
L L L 
x=1f ar—1) e dt KaIT +t RC: =i] 
oO (e) 


al | aK, 
L L \ 
=] 1++5\ ¢ —1 | 


The energy consumed by the primary in one second is given by : 
Energy consumed = Ec = X x 6 x E joules. 
This must also equal the rate of consumption or the power W 
expressed in watts. Therefore : 


Power = W = XbE watts, 


and as a final result : 


Rt 
na Ti +K(. a, | 


The expression in brackets is a factor which is dependent on the type 

of contact breaker used, and the speed n. Calling this factor 7, we get: 
Watts consumed by coil = W = LE x 4. 

In other words, the drain on the battery, expressed in watts, is 
under operating conditions always less than the power EI that would 
be taken by the coil if it were connected permanently to the battery by 
an amount depending on the factor %. 

This question is of vital importance, and the author can best illus- 
trate the value of equation (2) by using this formula to determine the 
power, for different speeds, in the case of : 

(a) A “closed circuit” system, assuming representative figures 
as already given. 

(6) An “ open circuit "’ system, assuming, as under (a), the repre- 
sentative figures to which the author has already referred. 
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Case 1. Closed Circuit System. 
L=_ .0125 henrie. 
R = | ohm. 
E = 6volts. I =6amps. EI = 36 watts. 


Time primary is closed 


Ratio Time primary is open 3.0=k. 
a= 6. 
K = 0125. 
75x 120 15 
{= = — Bees. 
na n 


Calculating 7 for different speeds and —— we get : 
| : yea | | 


| Speed, repan. ‘Ty sees. | In AMPs: yy by Coil. | 
j \— | _ 
50 0.3 | 6 “72 | 25.9 | 
100 0.15 6 26385 ret ter J | 
200 0.075 | 6 £025 nae 
500 { 0.03 5-45 «405 | 160.7 
1,000 0.015 ek +307 | 11.04 
2,000 | 90075 | Eee | 1175 \ 6.3 
1.5 


3,000 0.00375 [ 5 O75 lay A 
Case 2. Open Cheeni Sruteits 

L = 0.0125 henrie. 

R = 0.25 ohm. 

E = 6volts. I = 24amps. EI = 144 watts. 

Ti = .0033 second for all speeds. 


K = 0.05. 
Calculating 7 for different speeds as before and tabulating we get : 
| jl Watts taken 
Speed, r-p.m. Ty sees. In amps. es by Coil. 
50 .0033 te5 ,00036 | 0.0375 
100 -0033 t4 -000§2 0.075 
| 200 0033 1.5 rooroy | 0.5 
| 500 +0033 1.5 0026 0.375 
1,000 -0033 1.5 +0052 0.75 
| 2,000 +0033 1.5 -OTO4 1.5 
| 3,000 0033 1.5 -O156 an25 


The figures given above, which have been computed from hypo- 
thetical cases to bring out the distinctive difference between the two 
systems, are plotted in fig. 45. 

Curves showing the watts consumed indicate clearly that: 

(a) The power consumption with an “ open circuit” system 
is extremely small as compared with a “ closed circuit” system. 

(b) Whereas the power increases with the speed in the first case, 
the reverse is true in the second case. 

It should be pointed out that the curve for a“ closed circuit " system 
is based on the assumption that the ballast resistance r1 has not changed 
its value. Actually at very low speeds the excessive heating will be 
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sufficient practically to double the value of this resistance, so that the 
power consumption is automatically cut down. The dotted curve 
indicates approximately the relationship between power and speed under 
normal operating conditions, and, although the power decreases slightly 
with the speed, the effect of the ballast resistance is to straighten out 
the curve very considerably. 

When considering the overall efficiency of a battery system it must 
be remembered that the energy consumed by the coil is derived from 
a battery which in 
turn stores up a cer~ 
tain amount of energy 
supplied by a dynamo 
driven by the petrol 
motor. That is, two 
units are introduced be- 
tween the engine and 


oa os . Col 
the coil, in each of which resis. at low speed | NG, 
da 
%, 


a considerable loss of 
energy occurs, and it is 
safe to assume that if the 
power taken by the coil 


: a 0 
under given conditions (008 ai 3000 
3 Speed R.P.M. 3#3 
is W, then the power that sage 
. 1g. . 
has to be supplied by the Bittery ignition systems. Calculited curves 
. di showing current and power consumption of 
engine corresponding qypleal 5 one and . closed ** current ayeieme 
: ns : urves land 2are calcul ted on assumption that 
to this condition - she balicst Har ietance does not chanre: ahs 
= probable effect of this resistance at low speeds 
be something of the is indicated by the dotted curves. 


order of 2W. 

For example, in the case of the “ closed circuit’ system already 
considered the watts taken by the coil at 1,000 r.p.m. are approximately 
11. This means that at this particular speed the watts taken from the 
engine would be roughly 22. Added to this we have the relatively 
large amount of power required to drive the gearing and distributer 
brush and cam spindle in the actual igniter, which increases with the 
speed. When it is remembered that a four-cylinder magneto of good 
design takes something of the order of 50 watts to drive it at maximum 
speed, and that the energy output in such a case is very much greater 
than that furnished by any battery system, it will be appreciated that 
from this efficiency standpoint—taking the efficiency to be the ratio 

Energy given out by sparks 
Energy consumed by ignition apparatus 
—the magneto is superior to any form of battery system. 
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(2.) Secondary Voltage and Spark Energy. 

The induced secondary voltage at ‘* break ” is primarily dependent 
on the current broken IB and the self-induction of the primary winding. 
For a given coil, and assuming a sparkless “ break,’’ the secondary 
voltage will increase almost in strict proportion to IB. It is likely that 
in most systems the design of the coil is such that the sparking voltage 
compares favourably with that produced by a high-tension magneto 
of good design. 

When we come to consider the energy dissipated by the spark, 
however, comparison with a magneto will show that the latter is by 
far superior. Particularly is this true of the “ open circuit" system, 
which of necessity delivers a very feeble spark at the plug. The author 
has already commented on the fact that with this system the drain on 
the battery is very small. The physical significance of this is that the 
primary circuit during each closure stores up such a small amount of 
energy that the secondary spark cannot possibly be intense. Taking 
the hypothetical case just considered, we get the following figures : 

Ip = 1.5 amp. 
L = 0.0125 henrie. 

Now the maximum energy available (assuming no losses) is given 
by $LIB? joules. This works out at .0141 joule. 

The energy delivered in the high-tension spark is considerably 
less than this figure, say not more than 9.010 joule. A well-designed 
magneto gives a spark energy at high speeds of the order of 0.05 to 0.10 
joule, and, whilst with the “ open circuit "’ system the spark energy 
remains constant over the whole range of speed, a magneto gives a spark 
that becomes more and more energetic and flamy as the speed increases 
—at least up to a fairly high speed beyond which the spark intensity 
is not of such vital importance. 

This is an inherent property of the magneto not possessed by either 
battery system, and one that enables the magneto to give more satis- 
factory results under working conditions. Experience has shown that a 
spark which increases its intensity (and flame) with the speed is to be 
desired, because it eliminates the necessity of advancing the spark by 
automatically speeding up the propagation of the explosive wave. 

In the “closed circuit '’ system a more energetic spark can be 
obtained, particularly at low speeds, but the intensity gradually falls 
off with increase in speed, which is just the opposite to what is required 
for the very best results. 
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APPENDIX II. 
Formula for Computing the Primary Current in a 
Magneto at ‘* Break.”’ 

In dealing with the type A.8.S. magneto, the author makes use 
of a graphical method he devised some two years ago of determining 
from the open circuit primary 
voltage wave the primary cur- 
rent curve, and thus the value 
of the primary current (IB) at 
break. He has since had an 
opportunity of going more closely 
into this matter, and by assuming 
a definite triangular form for the 
voltage wave, which can be Fe: 46. 
done without introducing any 
considerable errors, he has developed mathematically a definite formula 
for the current I. 

Fig. 46 shows the form of the assumed triangular alternating 
voltage wave, and in the majority of cases this assumption can be made. 
The author has actually applied this method to the type A.8 magneto 
already considered, and the values of the current IB calculated for 
different speeds given in the table which follows the derivation of the 
formula check up very closely with the values obtained by the graphical 
method previously employed. This same method of analysis could be 
applied to any form of magneto, provided that sufhcient data are avail- 
able to enable one to define the various constants involved. 


Derivation of Formula. 
Notation. (See fig. 46.) 


E = Maximum voltage. 
T = Time for voltage to grow from zero to the maximum value. Secs. 
Ti = Time for voltage to die away from the maximum value to zero. Secs. 


K = Constant = 


[ro 


Ki = Constant = 

Resistance of primary. Ohms. 

Self-induction of primary. Henries. 

Instantaneous value of primary current. Amps. 

Instantaneous value of primary voltage. 

Time interval in seconds corresponding to current (i) and voltage (e). 


I 


~ nae le | 
ll 


ll 
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(1.) First Pertop O to T Seconps. 


Fundamentally y 
e=RixL. 5 an oe om 0 
During this first period ¢ increases in direct proportion to¢. Therefore 
e= Kit 
Substituting in equation (1) we get: 
. di 
Ke = Rix L. dt 
or 
d RR. K 


JE ie EX ax £2 
dt a“ L wil i at 
This is one of the simplest forms of differential equation, and the 
solution can be at once written down as follows : 


=e dt R ai 
E Pe" K 
fee” If: [ota « Ke 


fy 


or 


Now, 


And substituting, we get 
=e K au 
j=2" | Se TT K.| 


When ¢ = 0, i = 0, and by substitution in the above equation we 
can determine the unknown constant K2. We get: 


K2 = Re 
Finally, 


salt 
i= {LC = «RT . QQ 


This equation enables the current (i) to be calculated for any 
conditions during the period when the voltage is increasing to its maxi- 
mum—that is, approximately up to the point when the rotating member 
reaches the ‘‘ dead centre’’ position. The primary current is always 
broken after that critical position has been reached, and, as the above 
formula does not apply to this second period, we must pursue our investi- 
gation further by considering what happens when the voltage begins 
to fall, using equation (2) as a starting point for this final investigation. 
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(2.) Seconp Pertop, T to Tx SEconps. 
We can write: 
e=E—Ki 


Where 

t = Time interval in seconds measured from the instant when the 
voltage e is a maximum and equal to E. 

Fundamentally we get: 


(E— Kit) = Ri +L.¢ « « 
or 
dR ,_ E—-Ke 
dt oF L 
The solution of this differential equation takes the form: 
fe (ts E—Kide | 
i=é& € a ae + K; 
J 
° a [ E at K Re 
L L I L 
i=eé Fat tf t.dt +k] 
Now 


and by substitution we get : 
LR 


at Rf K R¢ 
L L 1 L 
ise IR-é — Re & RW—D +k] 


or ide \ —Rt 
| L os 
_ R \E+ SE Kit) + Kye (4) 


To determine the value of the constant K3, we must assume that 
t = o and substitute in equation (4) the value of the current (é) corre- 
sponding. Obviously, this current can be deduced from equation (2) 
(for the first period) by substituting T for ¢. 


Therefore, when tf = 9, 


K ,—RT | 
c= alee " —1) +er | 


Substituting these values for ¢ and i in equation (4), we get : 
RT 


_ KY KL. KL EF, ew = 
K; R R2 R: “RtRP:é 


fie) 


Finally, substituting this value of K3 in equation (4) gives us the 
following result : 


Rp RI 
5 is & | eR Kn + KL +L Ik. . — «+0 | (5). 


This equation will give the current at any time ¢, and, provided 
the time interval (call it Te) corresponding to the instant of “* break ” 
is known, the current at “ break ’” (IB) can be easily calculated. We 
get as a final result: 

° ap et | 
L I. 
In = a ER — K:RT2+ KiL+ Lz a —(Ki-+K) lo 

It is now an easy matter to determine the value of # (call it T), corre- 
sponding to which { attains its maximum value. For this condition 

di 
dt Oo 

Differentiating equaticn (5) and equating to zero, we get the follow- 

ing formula for T;: 


tise 3 toed E(s—e™) 4] 7) 


Application of Method to B.T.H. Type A.8.S. Magneto 
previously considered. 


Constants are : 
5 R= 0.55 ohm, 
=A L=0012 henrie 


n= speed Y.p.m. 


T. = ~~ K = 0.004 n? x correcting factor. | 
n 


E = .0185n X correcting factor. 
K: = 0.008 n? X correcting factor. 


Correcting factor : 


= 1.025 | 1,000 r.p.m. = 1.00 | 
be ee = (Oe 2,000 r.p.m. = 0.90 | 
The following values have been ae for different speeds : | 
B 
Spec Ralgtlanl tram SIT Sill 
100 se : . 
500 - 4.14 “3 4.25 
1.000 . 4.63 vs 4.6 


ae 13 ” 42 
This will suffice to show that equation (6) will give results suff- 
ciently accurate for all practical purposes. 
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